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Executive Summary

On behalf of Rohm and Haas Company, Exponent has prepared a human health risk assessment
(HHRA) for the Ventron/Velsicol site (the site) located in Wood-Ridge and Carlstadt, New
Jersey. The objective of the baseline HHRA is to quantify human health risks associated with

- chemicals of potential concern (CoPCs) in the absence of any remedial action (i.e., under the no-
action alternative). This document constitutes Section 6 of the remedial investigation report for
Operable Unit 1 (OU1) of the site (Exponent 2000) and relies on data collected during that
investigation. This version of the HHRA updates the draft that was submitted in April 2001 and
reflects comments and responses to comments subsequent to that submittal (NJDEP 2001, 2003;
NJIDEP and U.S. EPA 2002; Exponent 2001b, 2002).

The site is located in Bergen County, New Jersey, within the boroughs of Wood-Ridge and
Carlstadt. In accordance with the New Jersey Department of Environmental Protection
(NJDEP), the site has been divided into two operable units: OU1 and OU2; only OUl is
addressed here. The two operable units together make up an irregularly shaped, approximately
38-acre parcel within an industrialized area of northeastern New Jersey. The site is designated
as a National Priorities List site identified by U.S. Environmental Protection Agency (EPA)
number NJD980529879, and bearing CERCLIS ID number 02C7.

Chemicals of Potential Concern

The HHRA used a conservative screening process to select CoPCs, to ensure that any chemicals
that could be of concern were fully evaluated. All available chemical concentration data were
reviewed for soil, groundwater, air, and sediments and water in OU1 ditches (i.e., onsite basin,
West Ditch, and Diamond Shamrock/Henkel Ditch [north]). In addition, data identified as
hazardous waste samples were included in the HHRA as requested by NJDEP. Site
concentration data were compared with conservative risk-based concentrations derived by EPA

Region IX. A total of 41 CoPCs (or groups of CoPCs) were identified for further analysis in the

8600B3N.005 0101 0104 LY15 .
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HHRA, including one or more CoPCs identified in each of the media evaluated. Mercury was

identified as a CoPC in all site media.

Exposure Assessment

The OU1 site under consideration includes a developed area, which is currently under
commercial use, and an undeveloped area that would likely require fill in order to be developed.
The Borough of Wood-Ridge has zoned the site area as “light industrial park” (Kolicko 1997,
pers. comm.) and thus, future residential use is considered unlikely. Given the site
characteristics, current use, and zoning regarding future use, the most likely potential human
receptors include onsite workers and trespassers who might visit the site. Onsite workers are
likely to be the receptor population with the highest exposure potential. However, because all
groundwaters in the State of New Jersey are considered potable, groundwater CoPCs are
evaluated in a future hypothetical residential drinking water scenario. The HHRA quantitatively

evaluated site media for the following exposure pathways:

e Surface soils in the developed area—Incidental ingestion, and dermal

contact with CoPCs by long-term workers and construction workers

o Surface soils in the undeveloped area—Incidental ingestion, dermal contact
with CoPCs by long-term workers, construction workers, and trespassers who

might visit OU1

e Subsurface soils in the developed and undeveloped areas—Ingestion and

dermal contact with CoPCs in subsurface soils by construction workers

e Surface water and sediments in OUl—Incidental ingestion and dermal
contact with surface water and sediment by an adult or older child trespasser

who might contact CoPCs in the onsite basin and the West Ditch

e Groundwater—Ingestion of and dermal contact with CoPCs in groundwater
are evaluated in hypothetical OU1-wide future long-term worker and resident

scenarios

8600B3N.005 0101 0104 LY15 .
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¢ Outdoor air—Inhalation of mercury vapor in outdoor air by long-term

workers in the developed or undeveloped area

¢ Indoor air CoPCs migrating from subsurface soil or groundwater—
Inhalation of volatile contaminants in indoor air by long-term workers in the

developed or undeveloped area

e Indoor air CoPCs migrating from domestic groundwater—Inhalation of
volatile contaminants in indoor air during and after showering or bathing by

residents who use groundwater for domestic drinking water.

-Conservative methods identified by EPA in risk assessment guidance documents were used to
evaluate potential exposures. These scenarios are hypothetical. Some of the assumptions used
in the risk assessment may have overestimated likely risks. In particular, use of OU1
groundwater as drinking water is highly unlikely, given the availability of other drinking water
sources. Development of the undeveloped area for workplace use would require fill in many
areas, so direct exposure to soil is not likely to occur. Trespassers entering the site are
considered unlikely, given the site location and access restrictions, the current conditions, and
anticipated future site use. In addition to consideration of hypothetical exposure pathways,
conservative assumptions regarding exposure and toxicity were used tocalcplate potential risk

estimates.

Toxicity Assessment

EPA toxicity values (i.e., cancer slope factors [CSFs] or reference doses [RfDs]) were identified
for all CoPCs. Risk calculations were based on the current EPA toxicity values for all CoPCs.
EPA extensively reviews and verifies RfDs and CSFs derived for risk assessment and, once
verified and posted in Integrated Risk Information System, they represent agency consensus.
Mercury and arsenic were responsible for the majority of site risks. Arsenic risk, however, is
likely to be at least partly related to naturally occurring arsenic in soils. The EPA RfD for

mercury was used as a basis for the risk assessment. However, given uncertainties in this

8600B3N.005 0101 0104 LY15
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toxicity value, the uncertainty assessment provided alternative calculations based on the U.S.

Agency for Toxic Substances and Disease Registry minimum risk level for mercury.

Risk Characterization and Conclusions

EPA toxicity values (i.e., CSFs or RfDs) were combined with exposure estimates to derive
estimates of potential health risks related to exposure to CoPCs in media of OU1. Cancer risk
estimates were compared to EPA’s acceptable risk range of 1x107® to 1x10™* established in the
National Contingency Plan (NCP) for Superfund sites (U.S. EPA 1990b). The lifetime risk of
developing cancer in the U.S. population is one in two (i.e., 5x10™") for men and one in three
(i.e., 3x10™") for women (American Cancer Society 1998). A 1x107° excess cancer risk
represents an additional one-in-one-million probability that an individual may develop cancer
over a 70-year lifetime as a result of the exposure conditions evaluated. Noncancer effects are
expressed as the ratio of the estimated exposure, or intake rate over a specified exposure period,
to the RfD derived for a similar exposure period. This ratio is termed a hazard quotient.
Exposures resulting in a hazard quotient less than or equal to 1 are unlikely to result in

noncancerous adverse health effects.

Cancer Risk Estimates—Estimated total cancer risks for both reasonable maximum exposure
(RME) and central tendency scenarios were within the 10 t0 107 target risk range identified
above, with one exception. The future hypothetical residential use of drinking water had a risk
estimate of 2x10™ (i.e., with ingestion, inhalation, and dermal contact combined). Specific

results were as follows:
For the developed area:

e Under current conditions in the developed area, the long-term worker had a
total risk estimate of 2x107, resulting primarily from estimated
concentrations of benzene in indoor air (from soil), and arsenic and

polycyclic aromatic hydrocarbons (PAHSs) in soil.

8600B3N.005 0101 0104 LY15 .
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Under hypothetical future conditions in the developed area, the long-term
worker scenario had a total risk estimate of 7x10‘5, including the risk
estimates identified above related to indoor air and soil exposures. The future
worker also had assumed exposure to CoPCs through consumption of
groundwater as drinking water, which had a risk estimate of 4x107,

primarily related to arsenic and benzene in water.

For the undeveloped area:

Under hypothetical future conditions in the undeveloped area, the RME risk estirhate
for a long-term worker’s ingestion of surface soil was 1x107%, and for dermal contact
with soil was 1x10™, both related primarily to arsenic, PAHs, and polychlorinated
biphenyls (PCBs). In addition, the risk estimate for consumption of grouﬁdwater
was 4x107°, related primarily to arsenic-and benzene in groundwater, for a total

rounded risk estimate for long-term workers of 7%x107°.

The highest risk estimates for current or future trespassers to the undeveloped
area were 2x107, for ingestion of and dermal contact with soils. The highest
total risk estimate for trespassers’ exposure to sediments in the West Ditch or
the onsite basin was 1x107. Risks for the trespasser scenarios were also

related primarily to arsenic, PAHs, and PCBs in soil and sediments.

There were no carcinogenic CoPCs in surface water.

For the developed and undeveloped area:

All risk estimates for the construction workers were below 1x107°, indicating
that potential risks related to human contact with subsurface soils are well

within acceptable levels identified by EPA.

8600B3N.005 0101 0104 LY15
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. Hypothetical residential use of groundwater

The highest risk estimate for the hypothetical residential use of drinking
water scenario was 2x10™*, primarily related to arsenic in drinking water,
with some contribution from benzene and 1,4-dichlorobenzene volatilized

during showering or bathing.

Noncancer Risk Estimates—For noncarcinogens, in current scenarios, only current trespasser

exposure scenarios in the undeveloped area had hazard indices greater than 1. These ranged

from 1.3 to 3.5 and were primarily related to mercury in soil and sediment. In the future

scenarios, the long-term worker, the adult and child trespasser scenarios, and the hypothetical

residential use of groundwater all had hazard indices greater than the threshold of 1.

Results for the future scenarios for the long-term worker were as follows:

The highest estimated hazard index was 3.8 for ingestion of surface soil in
the developed area, based almost entirely on mercury in soil. If the single
highest soil concentration of 13,800 mg/kg at SS-04 were to be applied as the
exposure point concentration for surface soils in the developed area, the
hazard index would be 22.5.

Mercury in soil was also the primary contributor to a hazard index of 1.4 for

long-term worker’s exposure to surface soil in the undeveloped area.

Future hypothetical workplace ingestion of groundwater site-wide had a

" hazard index of 2.0 based on iron, manganese, thallium, mercury, and

arsenic.

The total hazard indices for future long-term workers in the developed and
undeveloped areas were 6.1 and 4.1, respectively, related to mercury in soils

and mercury and other metals in water.

. The future trespasser scenarios were assumed to be the same as the current scenarios described

above, so the hazard indices are the same as those described for the current scenario.

8600B3N.005 0101 0104 LY15 ...
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Finally, the hypothetical residential use of drinking water scenario had total hazard indices of
12 for adults and 39 for children. In each scenario, approximately half of the total hazard index
was related to ingestion of groundwater and half of the estimate was related to inhalation of
volatile CoPCs during showering or bathing. The groundwater consumption estimates were
related to iron, manganese, thallium, mercury, and arsenic, while the inhalation estimates were
primarily related to naphthalene with some contribution from 4-methylphenol (evaluated as

phenol), benzene, and xylenes.

Although the risk and hazard estimates for several hypothetical pathways exceeded the
acceptable target range identified by EPA, these findings should be considered within the
context of the uncertainties related to the estimation methods. Most fundamentally, the use of
groundwater as drinking water is not a realistic site use, and many other assumptions regarding

occupational or recreational use are likely to overestimate risks.

Mercury and arsenic were responsible for the majority of site risks. The potential for
overestimation of OU1 risks related to exposure assumptions and to the toxicity value for
mercury derived through application of a 1,000-fold uncertainty factor, suggests that risks may
be lower than the RME estimates provided here. Furthermore, EPA indicates that the range of
possible values around RfDs such as that used to evaluate inorganic mercury is “perhaps an
order of magnitude.” The hazard quotients estimated here for mercury in soil should be

considered in this light.

In addition, although site-specific background concentrations were not available, concentrations
of arsenic in OU1 soil were similar to those identified in background locations in suburban New
Jersey. Thus, risks related to arsenic in OU1 soil would not be expected to differ substantially
from estimates derived for typical background locations. Moreover, many of the potential
exposure pathways considered here are entirely hypothetical. In particular, use of groundwater

as drinking water is highly unlikely and is considered here only for risk assessment purposes.

8600B3IN.005 0101 0104 LY15 .
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1 Introduction

On behalf of Rohm and Haas Company, Exponent has prepared a human health risk assessment
(HHRA) for the Ventron/Velsicol site (the site) located in Wood-Ridge and Carlstadt, New
Jersey. The objective of the baseline HHRA is to quantify human health risks associated with
chemicals of potential concern (CoPCs) in the absence of any remedial action (i.e., under the no-
action alternative). This document constitutes Section 6 of the remedial investigation report for
Operable Unit 1 (OU1) of the site (Exponent 2000) and relies on data collected during that
investigation. This version of the HHRA updates the draft that was submitted in April 2001 and
reflects comments and responses to comments subsequent to that submittal (NJDEP 2001, 2003;

NJDEP and U.S. EPA 2002; Exponent 2001a,c, 2002).

The assessment was conducted consistent with U.S. Environmental Protection Agency (EPA)
and New Jersey Department of Environmental Protection (NJDEP) guidance, with the 1996
work plan for the site (CRA 1996), and with ongoing communication between Exponent staff
and EPA and NJDEP on behalf of Rohm and Haas. The draft remedial investigation report was
submitted in September of 2000 and an ecological risk assessment was submitted in 2001
(Exponent 2001b); revision of the remedial investigation and ecological risk assessment are on
hold pending review of the recently submitted draft technical memorandum for screening of

remedial technologies and development of alternatives (Exponent 2003).

The risk assessments are part of the remedial investigation and feasibility study (RI/FS) required
by the Resolution of the Beﬁy’s Creek/Wood-Ridge Site Action Committee (Resolution) with
NJIDEP, executed on August 15, 1996. The Resolution is an amendment to the October 26,
1984, Stipulation and Supplementary Order Approving Cboperative Agreement for Remedial
Investigation and Feasibility Study and Amending Procedural Order Involving Remedy
(Stipulation). The Stipulation covers the approximately 38-acre site and the areas of Berry’s
Creek that are potentially affected by industrial activity at the site, while the Resolution provides
for implementation of a separate RI/FS for the site. The site is designated as a National
Priorities List site identified by EPA number NJD980529879, and bearing Comprehensive
Environmental Response, Compensation and Liability Information System ID number 02C7.

8600B3N.005 0101 0104 LY15 1-1
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This document presents the results of the HHRA for OU1 of the site and it supplements the
remedial investigation for the site (Exponent 2000). This HHRA was conducted using
analytical results from samples of soil, groundwater, water from seeps, sediments, and air
collected during Phase I, Phase IA, and Phase 1A supplemental field investigations. The HHRA
also draws on information presented in the draft remedial investigation report on site -
background, hydrology, climate, and demographics. This HHRA is structured in accordance
with the guidance for risk assessment as discussed in the specific sections on HHRA (Section 3)
under the EPA Comprehensive Environmental Response, Compensation and Liability Act of
1980 (U.S. EPA 1988) and within NJDEP. This section provides a brief description of the site,
applicable guidance documents, and the organization of this report and appendices. Section 2
describes the conceptuél model, and the remainder of the report describes the methods and
findings of the HHRA.

1.1 Site Description

The site is located in Bergen County, New Jersey, within the boroughs of Wood-Ridge and
Carlstadt (Figure 1-1). In accordance with instructions in an April 1, 1999, letter from NJDEP
(Zervas 1999, pers. comm.), the site has been divided into two operable units: OU1 and OU2
(Figure 1-2); only OU1 is addressed here. The two operable units together make up an
irregularly shaped, approximately 38-acre parcel within an industrialized area of northeastern
New Jersey. Approximately 15.7 of the 38 acres are within the Borough of Wood-Ridge, and
the remaining 22.6 acres are within the Borough of Carlstadt. The entire site is generally within
the Hackensack Meadowlands area. The site is bordered to the east by Berry’s Creek; to the
west by the West Ditch, the Diamond Shamrock/Henkel and Randolph Products properties, and
Park Place East; to the south by the Diamond Shamrock/Henkel Ditch (south) and Nevertouch
Creek; and to the north by Ethel Boulevard and a railroad track (Figure 1-2). Two Active
commercial/industrial facilities and a lot, on which a publicly owned treatment works was
formerly located, lie immediately north of Ethel Boulevard and the railroad track. The railroad
crosses Berry’s Creek at the northeast comner of the site and continues south along the eastern

side of Berry’s Creek.

8600B3N.005 0101 0104 LY15 1 2
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Land use in the immediate vicinity of the site is primarily commercial/industrial. Teterboro
Airport is approximately 0.6 mile to the north, State Highway 17 is approximately 500 ft to the
west, and the Meadowlands Sports complex is approximately 1 mile to the south. The
immediately adjacent Diamond Shamrock/Henkel property is undergoing an active remediation
program under the NJDEP Environmental Cleanup Responsibility Act. The closest residential
area is approximately 750 ft to the north.

Groundwater hydrology is described in Section 3 of the remedial investigation. Groundwater at
the site discharge toward Berry’s Creek. As with all groundwater in the state, site groundwater
is designated by the State of New Jersey as potable and Berry’s Creek is included on New
Jersey's Clean Water Act Section 303(d) list for toxic pdllutant impairment (www.epa.gov/
fedrgstt/EPA-WATER/2001/October/Day-09/w25258.htm). Other surface water bodies
identified in OU1 (i.e., the onsite basin and the West Ditch) are very small and do not have
surface water designations. Additional information on topography and surface features, climate
and meteorology, geologic setting, soils, hydrology, hydrogeology, ecology, demography, and
land use is available in the draft remedial investigation report (Exponent 2000).

As indicated above, the site is divided into two units—OU1 and OU2—and only OU1 is
evaluated herein. OU1 includes two areas—one developed and one undeveloped (Figure 1-2)
and includes the West Ditch and the onsite basin. All other surface water including Diamond
Shamrock/Henkel Ditch (north), and Berry’s Creek will be evaluated with OU2. The developed
portion of OU1 covers approximately 7 acres and includes two active warehouses—the Wolf
and U.S. Life Warehouses (Figure 1-2). The former mercury processing facility was located on
the portion of OU1 that is now occupied by these warehouses. The remainder of the developed
area of OU1 is covered with asphalt pavement or with gravel, which forms the bed for railroad
tracks located immediately behind the warehouses. The only soil in the developed area that is
not covered by pavement is beneath the gravel bed of these railroad tracks. Drainage from the
developed area is directed generally between the two warehouses and the Randolph Products

property, and it flows into the West Ditch (Figure 1-2) along the western property boundary.

The undeveloped area of OU1 lies generally south of the developed area and includes

approximately 19 acres of land that was filled but not developed. This portion of OU1 is

8600B3N.005 0101 0104 LY15 1 3
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bordered to the north by the railroad track, to the south by the Diamond Shamrock/Henkel Ditch
(north), to the west by the West Ditch, and to the east by Berry’s Creek (Figure 1-2). The
undeveloped filled area of OU1 is characterized by mixed vegetation and a variety of surficial
debris. Much of this area is relatively flat, but the northeast portion has uneven terrain. Two
surface features are a small pit, which may include remnants of an access structure for the
drainage system from the Plant area that extended to Berry’s Creek, and a small basin, hereafter
~ referred to as the onsite basin. The onsite basin may be a remnant of a settling basin for
discharges from the Plant area or the Randolph Products property (Figure 1-2). The east and
south perimeters of this area are steep stream banks adjacent to Berry’s Creek and the Diamond
Shamrock/Henkel Ditch (north), respectively. The north and west perimeters of the area are

fenced; additional fencing to the east prevents site access via the tide gate.

The remaining 12 acres of the site are within OU2 and are located south of the undeveloped

filled area (Figure 1-2); OU2 is not considered further herein.

1.2 Applicable Guidance

The risk assessment was conducted in accordance with current NJDEP and EPA guidance,

including, but not limited to, the following documents:

e Soil Cleanup Criteria. www.state.nj.us/dep/srp/regs/scc/index.html.
Provided by the State of New Jersey, Department of Environmental
Protection, Trenton, NJ. These values have not been promulgated but will be
considered during the compilation of applicable or relevant and appropriate

requirements.

o Risk Assessment Guidance for Superfund: Volume 1 — Human Health
Evaluation Manual (Parts A and D) (U.S. EPA 1989, 1998)

e Risk Assessment Guidance for Superfund Volume I: Human Health
Evaluation Manual Supplemental Guidance “Standard Default Exposure
Factors” Interim Final (OSWER Directive # 9285.6-03) March 1991

8600B3N.005 0101 0104 LY15 1 .4
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e Exposure Factors Handbook (U.S. EPA 1997a)

e EPA Region IX preliminary remediation goals (PRGs) table (U.S. EPA
2003a)

® Risk Assessment Guidance for Superfund (RAGS) Volume 1: — Human Health
Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk
Assessment) Review Draft for Public Comment (U.S. EPA 2001)

o Supplemental Guidance to RAGS: Calculating the Concentration Term (U.S.
EPA 1992) and Calculating Upper Confidence Limits for Exposure Point
Concentrations at Hazardous Waste Sites (U.S. EPA 2002a)

e Johnson and Ettinger model software developed by U.S. EPA (2002b) and
Andelman Model as modified by Schaum et al. (1994)

e Guidance for Data Usability in Risk Assessment (U.S. EPA 1990a).

. Most of these documents were included in the revised list of guidance documents submitted to
NIJDEP in January 2001 (Hock 2001, pers. comm.). In some cases, more recent documents
were requested by NJDEP/EPA in comments on the draft HHRA (NJDEP 2001, 2003), or in

subsequent communications.

1.3 Organization

Site background information and applicable guidance documents were summarized in
- Sections 1.1 and 1.2. Sections 2 through 6 describe the results of the four steps recommended in

EPA guidance for risk assessment:

¢ Data evaluation and identification of CoPCs

L Exposure assessment

. e Toxicity assessment

8600B3N.005 0101 0104 LY15 1 5
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e Risk characterization.

An uncertainty assessment is included in the risk characterization to place potential risks in
context. The uncertainty assessment discusses HHRA assumptions that may lead to over- or
underestimates of potential site risks. The following supporting information is provided in
appendices to the HHRA:

e Appendix A, EPA RAGS D Tables—This section provides all tables
required in the RAGS Part D Tables 1-10. These tables present all
‘ quantitative aspects of the HHRA including: data summaries and the basis
for selecting CoPCs; exposure assessment assﬁmptions (i.e., derivation of
exposureb point concentrations [EPCs], exposure parameter assumptions); risk
estimates for each CoPC in each potentially complete exposure pathway; and

cumulative risk estimates for each receptor in each scenario.

e Appendix B, Region IX Tables of Screening Values—Provides tables of
EPA-derived risk-based concentrations (RBCs) used in the selection of
CoPCs (U.S. EPA 2003a) (as requested by EPA Region II).

e Appendix C, Additional Modeling Documentation—Provides additional
tables and documentation on both the Johnson and Ettinger modeling and the

Andelman modeling.
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2 Conceptual Site Model

In January 2001, Exponent submitted a draft human health and ecological conceptual site model
for OU1 of the site on behalf of Morton International and Velsicol Chemical Corporation
(Henry 2001, pers. comm.). This conceptual site model was developed based on site history,
site conditions, and the analytical results of site media samples presented in the draft remedial
investigation report (Exponent 2000). The conceptual site model has been updated based on
input from NJDEP and EPA. The conceptual site model identifies potential sources, transport
mechanisms, exposure media, exposure routes, and human and ecological receptors. These
elements of the conceptual site model are summarized below, followed by a discussion of the
relationships among these elements. Figure 2-1 provides an overview of the conceptual site
model for human receptors. In addition, Sections 4 and 5 of the draft remedial investigation
report provide a detailed description of the nature and extent of contamination, and of the

transport and fate of CoPCs, respectively.

2.1 Sources and Transport Pathways

As described in the remedial investigation, possible sources of CoPCs were former operations
within the developed areas and direct disposal of wastes and fill in the undeveloped area. The
main operations within the developed area were the manufacture and reclamation of mercury
compounds. Metals and any other process-related chemicals could have been deposited on soils
through leaks, spills, and past waste handling practices. The undeveloped area (an
approximately 19-acre area between the developed area and Berry’s Creek) was used as a

disposal area for various materials, including demolition material and domestic solid waste.

Possible release mechanisms for the CoPCs include potential spills and leaks of chemicals
managed in the developed area (although none have been documented) and previous activities in
the area. Within the undeveloped area, release mechanisms include direct disposal and

subsequent leaks from any containers. Where releases to soil occurred, the secondary transport
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mechanisms for CoPCs include potential infiltration and percolation to subsurface soil and

shallow groundwater, stormwater runoff, and windborne dust and/or volatile emissions.

Offsite transport of chemicals in soil via stormwater runoff or in groundwater may have resulted -
in releases to surface water within QU1 (i.e., the West Ditch and the onsite basin), or to OU2
(i.e., the Diamond Shamrock/Henkel Ditches [north or south] and Berry’s Creek). Potential
exposure media in the West Ditch and the onsite basin include sediments and surface water. No
fish have been observed in these surface waters, nor does this appear to be suitable habitat for
consumable fish. Offsite transport to OU2 including potential impacts on sediments, water, and
biota will be evaluated in the RI/FS for OU2.

Volatilization of chemicals from soil or shallow groundwater to indoor or outdoor air, and to a
lesser extent, the suspension of fine soil particulates, are also potential transport pathways.
Because of the presence of soil coverage within the developed area, air pathways are expected
to be less significant than direct-contact pathways (i.e., ingestion and dermal absorption).

However, both outdoor and indoor air pathways are evaluated in the HHRA.

2.2 Potential Human Receptors and Pathways

A complete exposure pathway exists only when a receptor population can be exposed to
chemical constituents associated with the site. OU1 is currently under commercial use within
the developed area and is fallow within the undeveloped area. Wood-Ridge has zoned this area
as “light industrial park” (Kolicko 1997, pers. comm.), so future residential use is considered
unlikely. The current potential for exposure to site media is low, because the site is fenced on

three sides, and because the developed area is largely covered by buildings and pavement.

At least one CoPC has been detected in OU1 soil, groundwater, sediments, surface water, and
outdoor air. In addition, modeling estimates were used to derive hypothetical indoor air
concentrations for volatile CoPCs in soil and groundwater. The potential for receptors to

contact CoPCs in each of these media and in indoor air was evaluated in the HHRA. Table 1 of
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Appendix A summarizes all potential exposure pathways and Figure 2-1 is a schematic

representation of these potential exposure pathways.

Given the characteristics of the property, including current use and zoning regarding future use,
the most likely potential human receptors include onsite workers and trespassers who might visit
the site. Onsite workers (including long-term workers and construction workers) are likely to be
the receptor population with the highest exposure potential. Future onsite residential use of this
site is highly unlikely. However, because site groundwater is designated as potable drinking
water by the State of New Jersey, use of groundwater as domestic drinking water is evaluated in
a hypothetical scenario. Although offsite residents could potentially inhale fugitive dust
generated from tile site, the magnitude of exposure via this pathway would be far less than for

onsite workers.

2.2.1 Current and Future Workers

Current and future onsite worker scenarios were evaluated for the developed area, in which
workers are exposed to CoPCs in surface soil, subsurface soil, groundwater, and to mercury in
outdoor air. Volatilization of CoPCs from soil or groundwater to indoor air was also evaluated.
As indicated above, the developed area is nearly all paved. Therefore, in the current scenario
for the developed area, only unpaved soils were considered. In contrast, a future worker
scenario for the developed area included consideration of paved and unpaved soils. A future
worker scenario was also evaluated for the undeveloped area. Although future development is
unlikely to take place without surface soil modification (i.e., adding fill, which would reduce
CoPC concentrations), such use was evaluated in a hypothetical scenario for purposes of the risk
assessment. Pathways evaluated for current and future long-term worker contact with CoPCs in
surface soil included ingestion and dermal contact. In addition, exposure to mercury in outdoor
air, and to volatile constituents from soil or groundwater in indoor air were also evaluated.
Risks associated with exposure to CoPCs in subsurface soil were evaluated through a current
and future trench worker scenario, in which workers contact CoPCs in subsurface soil through

incidental ingestion and dermal contact.
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As discussed above, site groundwater is not used as drinking water, and such use is not expected
and is highly unlikely in the future. However, to determine whether use of groundwater as
drinking water could result in unacceptable risks, ingestion and limited dermal contact with

CoPCs in groundwater were evaluated for workers in a hypothetical future scenario.

2.2.2 Trespassers

The most likely current receptor within the undeveloped area would be a trespasser who might
gain access. Potential exposure pathways would include ingestion of and dermal contact with
surface soil, sediments, and surface water within the undeveloped area. The most likely human
populations to trespass in and around the undeveloped area are adults and older children

(i.e., 9-18 years old). Younger children would not be expected to visit these areas given the

limited access.

Although it is hypothetically possible for chemicals in site soil and surface water to be taken up
into plants or into aquatic organisms consumed by trespassers, these pathways are considered
incomplete because of site characteristics, the quality of the vegetation, and conditions at the
site. During the site visits, no edible plaﬁts were noted. The surface water within the OU1 area,
the West Ditch, and the onsite basin was determined not to support fish or other aquatic
organisms that would be consumed by people. Therefore, this pathway is not considered

complete.

2.2.3 Future Hypothetical Domestic Use of Drinking Water

As described above, although residential use is thought to be highly unlikely at this site, the
aquifer is defined by the State of New Jersey as potable. Therefore, in order to evaluate the
highest possible future use of groundwater, groundwater CoPCs are evaluated in a future
hypothetical residential drinking water scenario. This analysis included evaluation of ingestion,
dermal contact, and inhalation of CoPCs that might volatilize from groundwater during bathing

or showering.
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3 Data Analysis and Identification of Chemicals of
Potential Concern

Data presented in the remedial investigation report (Exponent 2000, Section 4, and Appendix B)
were the basis of the risk assessment. These data and the comparisons with screening
concentrations are presented in Appendix A, Tables 2.1 through 2.10. The HHRA uses a
conservative screening process to select CoPCs to ensure that any substances that could be of
concern are evaluated fully. All available chemical concentration data were reviewed to

identify CoPCs in the following media:

e Surface soil/sediments
e Subsurface soil

e Surface water

e Groundwater

e Air.

As described in the draft remedial investigation report (Exponent 2000), drums and test pits
containing waste material were sampled and analyzed during the remedial investigation.
Although these materials were not entirely soil, site users could contact the material because it
was collected on the soil surface. Therefore, these data were included in the screening and risk
calculations conducted in this HHRA. Some of the samples were characterized as hot spots
based on very high sample concentrations (i.e., more than 100 times the screening RBC). These
samples were not included in the reasonable maximum exposure (RME) risk estimates, but they
were used to derive risk estimates for the uncertainty assessment and will be further addressed

in the feasibility study.

Tables 2.1 through 2.9 of Appendix A provide a summary of OU1 data and data. These tables
present the occurrence, distribution, and selection of CoPCs and provide the following

information as specified in U.S. EPA (1998):
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e Chemicals detected and undetected in each medium

o Frequency of detection of chemicals in each medium

° Raﬁge of detected concentrations for each chemical in each medium
o Range of detection limits for the chemicals in each medium

e Background screening values for metals in suburban New Jersey soils (for
comparison only) (NJDEP 1993)

e Screening concentrations (i.e., RBCs), when available, for exposure to

residential soil, for residential use of drinking water, or for inhalation.

Table 3-1 shows a simple summary of CoPCs identified in site media. Appendix A Tables 3.1
through 3.13 present EPCs calculated for each CoPC in each exposure medium, and additional
supporting documentation consistent with EPA guidance (U.S. EPA 1998). Figure 3-1 shows
sample locations for data used in the HHRA. The following sections describe how OU1 data
were used to identify CoPCs.

Maximum concentrations of analytes in OU1 media were reviewed to compile a list of CoPCs
for human health.! The methods used to select CoPCs were intended to ensure that no
contaminants detected at levels of potential health concern would be excluded. Maximum
concentrations of contaminants in all media were compared with conservative RBCs derived by
EPA. RBCs used in this screening process were developed by EPA Region IX. The RBCs for
soil account for three potentiai exposure routes: ingestion, inhalation of particles or vapors, and
dermal contact. The RBCs for tap water account for ingestion of water and inhalation of
volatiles from water. RBCs for ambient air (in a residential setting) were used to screen the air
data (U.S. EPA 2003a). The RBCs correspond to either a 1x107 excess cancer risk (for
carcinogens) or a hazard quotient of 0.1 (for noncarcinogens), whichever is more stringent.

Appendix B includes copies of the original sources of EPA RBCs used in screening CoPCs.

1" All chemicals except lead were evaluated based on maximum concentrations. Lead in site media was evaluated
based on average concentrations consistent with the use of average inputs in the EPA integrated exposure
uptake/biokinetic model.
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Data on site-specific background concentrations of inorganic chemicals were not available.
Comparison of maximum site concentrations with samples collected from background locations
in New Jersey soils suggests that site concentrations for some inorganic chemicals are within
levels typically identified in background soils. EPA staff have indicated that chemicals should
not be screened out of the risk assessment based on their presence at background concentrations.
Instead, the concentration relative to background can be considered as part of risk management
decision-making at the site (Sivak 2001, pers. comm.). The uncertainty assessment includes a
discussion of site concentrations relative to background concentrations. As indicated there,
some of the risks identified in the assessment may be related to naturally occurring chemicals in
soil. The contribution to site risks related to background concentrations should be considered in

evaluating the need for site remediation or site controls.

Maximum detected concentrations of chemicals in surface soil/sediments and subsurface soils in
the developed and undeveloped areas were compared with EPA-derived RBC:s for residential
soil as a conservative means of evaluating direct contact with these media. Use of the RBCs
derived for residential soil to screen for CoPCs in these media is highly conservative, because
these values are based on daily contact with soil in a residential scenario, whereas exposures to
soil/sediments would be restricted to occasional contact during trespassing activities, or short
durations during construction activities. Such exposures would be expected to be less frequent
than exposures that a child might receive at a residence. Consequently, the use of residential
screening numbers is expected to provide a conservative (i.e., health protective) means to screen

the site data to identify CoPCs for nonresidential uses evaluated in the HHRA.

Maximum chemical concentrations in surface water (the onsite basin and the West Ditch) and
OU1 groundwater were compared with their respective RBCs, derived by EPA based on
assumed levels of exposure resulting from the use of water as a residential drinking water
source. This method is a highly conservative screening procedure, because no site surface water
or groundwater is used for drinking water. Similarly, concentrations of mercury detected in
outdoor air were screened through comparison with an RBC derived on the basis of exposure to
air in a residential setting (U.S. EPA 2003a).

8600B3N.005 0101 0104 LY15 3 3
g-\b30\8600b3n.005 01012003\hhra.doc -



Agency Review Draft—January 15, 2004

Consistent with guidance contained in U.S. EPA (1989), data were also evaluated in light of the
. . following considerations: ‘

e Although EPA indicates that chemicals can be excluded based on frequency
of detection, no chemicals were excluded on this basis, because no chemicals

that were detected had low detection frequencies.

e A compound can be eliminated from consideration if it is an essential
nutrient, present at low concentrations, and toxic only at high doses.
Consistent with EPA guidance (U.S. EPA 1989), several essential nutrients

(i.e., calcium, magnesium, potassium, sodium) were not included as CoPCs.

e If common laboratory chemicals (e.g., acetone, methylene chloride, toluene,
phthalate esters) are found at less than 10 times the maximum concentration
detected in any blank, or if other chemicals are found at less than 5 times the
maximum concentration detected in any blank, these chemicals can be_

. eliminated. No chemicals were excluded on this basis.

After consideration of the issues described above, chemicals were identified as CoPCs if the

maximum concentration detected in an environmental medium exceeded the respective RBC.

3.1 Soil and Sediment

The soil data were considered in four groups: surface soils in the developed area, surface soils
in the undeveloped area, and subsurface soils in the developed and undeveloped areas. Data for
sediment samples in the undeveloped area constituted a fifth data group that was also screened

for CoPCs. The screening of these data is discussed in the following sections.

3.1.1  Surface Soils in the Developed Area

Up to 15 samples were collected from the developed soil area at 0—12 in. deep. Because the

. developed area is nearly all paved, only three of these samples were from unpaved areas (SS-14,
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SS-15, SS-16); these were collected under gravel in the railroad bed. As described above in the
conceptual model, the unpaved soils within the developed area were considered in a current
worker scenario, while unpaved and paved soils together were considered in a future scenario.
Therefore, given these different expected exposure patterns for current and future use, separate

EPCs were calculated for the combined paved and unpaved soils and for the paved soils alone.

Eight metals were identified as CoPCs in surface soils within the unpaved soils in the developed
area: aluminum, arsenic, chromium, copper, iron, manganese, mercury, and vanadium. Three
polycyclic aromatic hydrocarbon (PAH) compounds exceeded their RBCs and were identified
as CoPCs: benzo[b]fluoranthene, benzo[a]pyrene, and dibenz[a,h]anthracene. All other organic
compounds Were found in concentrations less than their RBCs (Tables 2.1 and 3.1 in

Appendix A).

Considering the paved and unpaved soils together, all the same CoPCs were found, with the
addition of three other CoPCs. Thallium, benz[a]anthracene, and benzene were also present at
concentrations greater than their RBCs and were included as CoPCs within the future scenario
for exposure to paved and unpaved soil together within the developed area (Tables 2.2 and 3.1
in Appendix A).

3.1.2 Surface Soils and Sediment in the Undeveloped Area

Up to 45 samples were collected from the undeveloped soil area at the O- to 12-in. depth. These
included sediment samples collected at five locations in the onsite basin, and the West Ditch.
Ten metals were identified as CoPCs in surface sediments within the undeveloped area. Nine
were selected based on screening against toxicity values: aluminum, arsenic, cadmium,
chromium, iron, mercury, thallium, vanadium, and zinc. Methylmercury was also included as a

CoPC based on historical use.

Of the 24 organic compounds detected, seven compounds or mixtures exceeded their RBCs.
These included five PAH compounds (i.e., benz[a]anthracene, benzo[b]fluoranthene,

benzo[a]pyrene, dibenz[a,h]anthracene, and indeno[1,2,3-cd]pyrene) and two polychlorinated
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biphenyl (PCB) Aroclors® (Aroclors® 1248 and 1260). These compounds or mixtures were
identified as CoPCs (Tables 2.5 and 3.2 in Appendix A). .

The remaining 40 samples included surface soils and waste samples from test pits and drummed
waste spills. Of the 61 substances detected in soils and wastes, 25 exceeded the toxicity
screening valﬁes. In addition to the nine metals listed above, antimony, barium, copper, lead,
manganese, nickel, and silver are CoPCs in surface soils and wastes. Nine organic compounds
exceeded the screening toxicity values for residential soils. These included two
noncarcinogenic PAHs (2-methynaphthalene and naphthalene) and five carcinogenic PAHs
(benz[a]anthracene, benzo[b]fluoranthene, benzo[a]pyrene, dibenz[a,h]anthracene, and
indeno[1,2,3-cd]pyrene). Thése seven PAH compounds, plus bis[2-ethylhexyl]phthalate and
Aroclor® 1248, were identified as CoPCs (Tables 2.4 and 3.2 in Appendix A).

3.1.3 Subsurface Soils in the Developed and Undeveloped Areas

Screening of subsurface soils was conducted for subsurface samples from the developed and
undeveloped areas separately. Up to 135 subsurface soil samples were taken from depths of |
1-20 ft below ground surface (31 samples in the developed area and 104 in the developed area
were analyzed for mercury). Eight metals were identified as CoPCs in the developed area
subsurface soils: arsenic, barium, chromium, copper, iron, manganese, mercury, and thallium.
One noncarcinogenic PAH (2-methylnaphthalene) plus two additional organic chemicals

(benzene and Aroclor® 1260) were identified as CoPCs (Tables 2.5 and 3.3 in Appendix A). '

Seventeen metals were identified as CoPCs in the undeveloped area through screening. These
included the eight metals listed above, plus aluminum, antimony, cadmium, lead, nickel,
selenium, silver, vanadium and zinc. Methylmercury was also included as a CoPC based on
historical use. Six carcinogenic PAHs (i.e., benz[a]anthracene, benzo[a]pyrene,
benzo[b]fluoranthene, benzo[k]fluoranthene, dibenz[a,h]anthracene, and indeno[1,2,3-
cd]pyrene) and three noncarcinogenic PAHs (i.e., 2-methylnaphthalene, benzo[ghi]perylene,

and naphthalene) were identified as CoPCs. In addition, the following four organic chemicals
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were identified as CoPCs: PCBs (Aroclors® 1242, 1248, and 1254), carbazole, toluene, and
xylene (Tables 2.6 and 3.4 in Appendix A).

Review of the data for 2-methylnaphthalene indicated that the subsurface soil in the developed
area had only one reported result at a concentration of 11 mg/kg. This is because concentrations
below the detection limit were not reported. In contrast, within the undeveloped area there were
44 samples, with 12 detects and a maximum of 8.8 mg/kg. Given the uncertainty related to the
application of a single data-point, particularly for 2-methynaphthalene, where the evaluation is
based on a surrogate (naphthalene) in the absence of a toxicity value, the risk assessment

applied the more complete analytical data for 2-methynaphthalene from the undeveloped area.

3.2 Surface Water

Chemicals in surface Water were compared with EPA Region IX RBCs based on residential
drinking water consumption (U.S. EPA 2003a). Screening of surface water in OU1 was
conducted for all samples together. Surface water samples from five stations in the West Ditch
and the onsite basin were evaluated. Four metals were identified as CoPCs in surface water:
.iron, manganese, and mercury. In addition, although the maximum concentration was below the
screening level, methylmercury was included at the request of NJDEP. No organic chemicals

were identified as CoPCs (Tables 2.7 and 3.5 in Appendix A).

3.3 Groundwater

Screening of groundwater in OU1 was conducted for all samples site-wide. Groundwater
samples were collected from the 15 monitoring wells located in the developed and undeveloped
filled areas. Ten metals were identified as CoPCs in groundwater: arsenic, barium, cadmium,
copper, iron, manganese, mercury, nickel, thallium, and vanadium. Methylmercury was
included as requested by NJDEP. Two noncarcinogenic PAHs (i.e., 2-methylnaphthalene and
naphthalene) were identified as CoPCs. In addition, twelve organic chemicals were identified

as CoPCs: bis[2-ethylhexyl]phthalate, 1,4-dichlorobenzene, 4-methylphenol, 1,2-dichlorothene
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isomers, ethylbenzene, 4-methyl-2-pentanone, acetone, benzene, chlorobenzene, chloroethane,

toluene, and xylene (Tables 2.8 and 3.6 in Appendix A).

3.4 Air

Consistent with the work plan for the site and the primary importance of mercury as a site
contaminant, mercury was the only site contaminant sampled in outdoor and indoor air. As
requested by EPA and NJDEP, this assessment includes evaluation of estimated concentrations
of volatile CoPCs in indoor air. Two transport pathways are considered: 1) migration from soil
or groundwater to indoor air, which is evaluated through application of the Johnson and Ettinger
Model as recommended by U.S. EPA (2003c); and 2) volatilization of contaminants from
drinking water to indoor air, which is evaluated in a hypothetical future residential drinking
water scenario through application of the Andelman Model as modified by Schaum et al. (1994)
and NJDEP (2003). The methodology used in these models is discussed further in Section 4.

Based on available sampling data, mercury vapor was identified as a CoPC in outdoor air
(Tables 2.9 and 3.7 in Appendix A). Air samples were collected during the Phase I field
investigation, during the warehouse evaluation study, and by NJDEP. During the Phase I
investigation, particulate mercury and total gaseous mercury were measured in five samples
collected in September and October 1997, and total gaseous mercury was measured in six
samples collected in March 1998. In the supplemental warehouse study, gaseous mercury was
measured at three locations inside the U.S. Life (Jerbil) Warehouse and at two outside locations
in April 1999. Both particulate and gaseous mercury were measured by NJDEP in 1989 and
1990. Six samples were taken at three locations within OU1, one of which was above the limit
of detection. Given the uncertainty in the early data regarding sampling methods, and the
availability of 16 samples from a recent investigation, the single detected sample from the
NJDEP sampling was not included in this HHRA.

Inhalation of CoPCs in outdoor air is an additional potential exposure pathway. In order to
evaluate the magnitude of this pathway, maximum soil concentrations of all CoPCs were

compared with RBCs derived by EPA Region IX to be protective of inhalation exposures.
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Specifically, as described above, EPA Region IX calculates RBCs termed PRGs based on
conservative assumptions about exposure through inhalation, dermal contact, and ingestion
(U.S. EPA 2003b). EPA calculates soil concentrations that would be protective of particulates
re-suspended from soil for each chemical that has a toxicity value for inhalation. Table 2.10 in
Appendix A shows the relative influence of potential human exposure pathways, including

inhalation of particulates from soil, on RBCs for residential soil.

The models used to calculate RBCs for inhalation of particulates from soil are from the EPA
Soil Screening Guidance: User’s Guide and Technical Background Document (U.S. EPA
1996a,b). EPA applies conservative assumptions regarding inhalation rates (i.e., 20 m® per day
for an adult and 10 m® per day for a child) over 350 days per year and 30 years, and a particulate
emissions factor derived in the EPA soil screening guidance. The EPA Region IX modeling for
this pathway also applies conservative assumptions regarding the amount of emission and

deposition of particles onto soil.

As shown in Appéndix A, Table 2.10, the RBCs derived for outdoor inhalation of metals from
soil are much higher than the maximum concentration of all of the metals identified in site soils
except chromium (as chromium(VI)). The maximum concentration of 9,840 mg/kg for
chromium was found in subsurface soil. The maximum chromium surface soil concentration
was 1,150 mg/kg, which is below the 4,529 mg/kg residential screening level. Given the
conservative nature of the residential RBC used in this screening, the concentration two times
greater than that screening value would be a negligible contribution to the site risk estimate
under the expected occupational use. In addition, several semivolatile or volatile chemicals
(e.g., benzene, methyl naphthalene and naphthalene) had site concentrations close to the
inhalation RBCs. However, all of these chemicals were evaluated in the indoor air modeling to
provide a more conservative estimate of risk resulting from the potential for buildup of

contaminants in indoor air assumed in the model.
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4 Exposure Assessment

Exposure assessment is the process of identifying human populations that could potentially |
contact site-related chemicals and estimating the magnitude, frequency, duration, and route(s) of
potential exposures. In this HHRA, potential OU1 risks were evaluated in hypothetical current
and future workplace scenarios, and in a future trespasser exposure scenario. In addition,
potential exposure to subsurface soil was considered for a construction worker. A residential
population was not considered here, given the nature of the area (i.e., limited zoning and
access), which makes future residential development unlikely. This section describes how these
scenarios were selected as a conservative means of estimating current and hypothetical future
exposures and potential risks. First, the exposure setting was characterized, and potentially
exposed populations were identified (i.e., trespassers, workers, and hypothetical future
residential users of drinking water). Next, potential exposure pathways were identified, and the

methods and assumptions for quantifying exposure were presented.

4.1 Exposure Setting and Receptor Populations

Given the OU1 characteristics, current use, and zoning regarding future use, the most likely
potential human receptors include onsite workers and trespassers who might visit OU1. Onsite
workers are likely to be the receptor population with the highest exposure potential. In addition,
although residential use is thought to be highly unlikely at this site, the aquifer is defined by the
State of New Jersey as potable. Therefore, in order to evaluate the highest possible future use of
groundwater, groundwater CoPCs are evaluated in a future hypothetical residential drinking
water scenario. Although offsite residents could potentially inhale fugitive dust generated from
OU1 media, the magnitude of exposure via this pathway would be far less than for onsite

workers.

CoPCs have been detected in OU1 soil and groundwater, and in sediments and surface water

within OU1. The current potential for exposure to media at OU1 is low, because it is fenced on
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three sides and the developed area is largely covered by buildings and pavement. The potential

for receptors to contact CoPCs in each of the media was evaluated.

4.2 Potential Exposure Pathways

This section identifies potential exposure pathways for CoPCé found in environmental media.
An exposure pathway is the course a chemical takes from a source to an exposed receptor.
Exposure pathways consist of the following four elements: 1) a source; 2) a mechanism of
release, retention, or transport of a chemical in a given medium (e.g., air, water, soil); 3) époint
of human contact with the medium (i.e., exposure point); and 4) a route of exposure at the point
of contact (e.g., incidental ingestion, dermal contact). If any of these elements is missing, the
pathway is considered incomplete (i.e., it does not presenf a means of exposure). Only those
exposure pathways judged to be potentially complete are quantified in the HHRA. Appendix A
Table 1 summarizes the exposure pathways evaluated in the HHRA and is consistent with

Table 1 of U.S. EPA (1998).

At least one CoPC has been detected in each of the media evaluated—surface soil, subsurface
soil, surface water, groundwater, and air. As described above, the most likely means for human
exposure to these CoPCs is through workplace use of, or trespassing on, these areas.
Opportunities for exposure to CoPCs are generally very low because of the limited access to any

site area and to surface soil within the developed area.

4.3 Quantification of Exposure

In this section, CoPC intakes for chronic exposures are estimated for the exposure pathways
identified in the previous section. CoPC intakes are based on estimates of exposure
concentrations at the exposure point (i.e., EPCs) and on the estimated magnitude of exposure to
CoPC-containing media. Exposure estimates for chronic daily intakes (CDIs) are defined as the
mass of a CoPC taken into the body, per unit of body weight, per unit of time. For dermal

contact, exposures are expressed as absorbed dose rather than administered dose.
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The averaging time used to determine a CDI depends on the type of toxic effect being assessed.
. For carcinogenic effects, CDIs are calculated by averaging the total cumulative dose over a
lifetime. The estimate of the average lifespan is assumed to be 70 years, based on EPA
guidance (U.S. EPA 1991).% For assessing noncancer effects, CDIs are calculated by averaging
intakes only over the period of exposure. The distinction between these two approaches is
based on EPA’s currently held opinion that the toxicological mechanisms of action are different

for carcinogenic and noncarcinogenic processes.

Intakes of CoPCs were estimated using algorithms and assumptions consistent with EPA

guidance (e.g., U.S. EPA 1989) for the following potential exposure pathways:

Surface soils in the developed area—Incidental ingestion, and dermal

contact with CoPCs by long-term workers and construction workers

e Surface soils in the undeveloped area—Incidental ingestion, dermal contact

with CoPCs by long-term workers, construction workers, and trespassers who

. might visit OU1

¢ Subsurface soils in the developed and undeveloped areas—Ingestion and

dermal contact with CoPCs in subsurface soils by construction workers

e Surface water and sediments in OUl—Incidental ingestion and dermal
contact with surface water and sediment by an adult or older child trespasser

who might contact CoPCs in the onsite basin and the West Ditch

¢ Groundwater—Ingestion and dermal contact of CoPCs in groundwater are
evaluated in hypothetical OU1-wide future long-term worker and resident

scenarios

e Qutdoor air—Inhalation of mercury vapor in outdoor air by long-term

workers in the developed or undeveloped area

2 EPA’s most recent edition of the Exposure Factors Handbook (U.S. EPA 1997a) recommends use of 75 years
for the average value for life expectancy; however, the original 70-year value is used in this risk assessment for
. consistency among risk assessments, and because some of the CSFs and unit risks (see Section 5) are derived
based on a 70-year lifetime, and the difference (error) between the two values is low.
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¢ Indoor air CoPCs migrating from subsurface soil or groundwater—
Inhalation of volatile contaminants in indoor air by long-term workers in the

developed or undeveloped area

¢ Indoor air CoPCs migrating from domestic groundwater—Inhalation of
volatile contaminants in indoor air during and after showering or bathing by

residents who use groundwater for domestic drinking water.

Both RME and central tendency estimates were calculated. EPA describes RME as the highest
exposure that is reasonably expected to occur at a site (U.S. EPA 1989). EPA, in the Final

Guidelines for Exposure Assessment, defines typical (or central tendency) exposures as follows:

The average [exposure or dose] estimate, used to describe the arithmetic mean,
can be approximated by using average values for all the factors making up the
exposure or dose equation (57 Fed. Reg. 104:22888).

The following subsection presents the exposure algorithms and assumptions used to calculate
CDIs for each of the exposure pathways listed above, and the methods used to calculate EPCs
for the RME and central tendency cases.

4.3.1 Exposure Frequency and Duration and Receptor Characteristics

As described above, the most likely human populations to use the area are workers, although
trespassers could also visit OUl. Worker scenarios considering exposure to surface and
subsurface soil and to outdoor air were evaluated for the developed and undeveloped areas. In
the developed area, current and future worker scenarios were evaluated to consider current
exposure to unpaved soil and future exposure to all soil (i.e., including soil now under
pavement). A future long-term worker scenario was also evaluated for the undeveloped area.
‘While future development as a workplace would likely require some modifications to the
undeveloped area soil, this hypothetical future scenario was evaluated under baseline conditions
to determine whether site controls would be needed. The exposure frequency for the long-term
worker in both the RME and central tendency scenarios was 250 days per year, as identified by
EPA (U.S. EPA 1997a). The exposure duration for the worker is 25 years for the RME
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scenario, as identified by U.S. EPA (1991). For the central tendency scenario, a 6.6-year
duration is applied. This provides a conservative means to evaluate exposure, because 6.6 years
was identified as the median amount of time that workers spend in one occupation (U.S. EPA

1997a).

A construction worker scenario was also evaluated to consider hypothetical current or future
contact with surface and subsurface soils in the developed and undeveloped areas. Consistent
with the request from NJDEP (2001), the construction worker scenarios assumed workers
contact soils for three months per year (i.e., 60 days/year) in the RME, or 25 days/year in the
central tendency scenario, over a 2-year construction period. The worker’s body weight was

assumed to be 70 kg.

A trespasser scenario was considered for the undeveloped area. The developed area has more
limited access, and any risk for a trespasser who might gain access would be less than that
estimated for a long-term worker. For the undeveloped area, the most likely trespassers are
adults and older children (i.e., 9-18 years old). Younger children would not be expected to
trespass within the area, given the limited access. In this assessment, trespassers were assumed
to be exposed either to soils or sediment and surface water on a given visit. Trespassing within
the undeveloped area is unlikely, and any occurrence is expected to be infrequent because of
limited access, surrounding industrial development, and cold winter and fall weather. For an
RME value, consistent with the request of NJDEP (2001), this assessment assumed 132 visits
per year. This was derived by NJDEP assuming visits 5 days per week during the 13 summer
weeks, and three days per week during the 26 spring and fall weeks. The central tendency
scenario assumed approximately half as many visits (i.e., 65 visits per year [NJDEP 2001]).

Older children are assumed to visit OU1 areas as frequently as adults, but they have a somewhat
higher exposure due to their lower body weight (i.e., 49-kg average for ages 9-18, in

comparison to 70-kg average for adults). For the RME case, the HHRA assumed that adults
might trespass within the area over a period of 30 years and older children might visit the area
for nine years, while the central tendency exposure scenario assumed that both adults and older

children may visit the West Ditch or onsite basin for a period of 9 years.
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Because site groundwater is classified by the State of New Jersey as potable, a hypothetical
future residential drinking water scenario is also evaluated (NJDEP 2001). In this scenario‘, it is
assumed that water is consumed in the home 350 days per year for 30 years. Consistent with
Schaum et al. (1994), the exposure duration assumed for adults was 30 years and the exposure
duration for children was assumed to be 6 years. The adult body weight in this scenario is
assumed to be 70 kg and the child’s body weight is assumed to be 15 kg (U.S.-EPA 1991).

4.3.2 Incidental Ingestion of Soils and Sediments

People visiting or working within OU1 may ingest surface soils or sediment as a result of direct
contact with soil or sediment on the hands, followed by hand-to-mouth activity (either
inadvertent or associated with eating or smoking). Surface soils in the undeveloped and
developed areas, and sediments in the undeveloped area, were considered separately because of
the differences in current and future use. As described above, sediment samples were collected
in OU1 (West Ditch and the onsite basin). Appendix A Tables 4.1 and 4.2 provide exposure
assumptions for trespassers’ exposure to soil and sediment while Tables 4.3 and 4.4 provide
exposure assumptions for long-term workers’ exposure to surface soil and construction workers’

exposure to subsurface soil, respectively.

Incidental ingestion of soil and sediment was evaluated using EPA guidance for risk assessment
regarding soil ingestion. U.S. EPA (1997a) does not provide an upper-bound value for adults
and older children. However, U.S. EPA (1991) has identified 100 mg/day as an upper-bound
intake rate for adults. Therefore, this value was used as the intake rate for older children and
adults in the RME trespasser scenario. For the RME long-term worker scenario, the assumption
is made that half of this intake occurs at work, resulting in an RME intake fbr workers of

50 mg/day (U.S. EPA 1991). Consistent with EPA guidance, the mean value for adults of

50 mg/day was used in the central tendency trespasser scenario for adults and older children,
and in the central tendency scenario for long-term workers (U.S. EPA 1997a). For the
construction worker, the ingestion rate of 330 mg/day identified in the EPA Draft Soil Screening
Guidance was applied as required by EPA (NJDEP 2003) in the RME case and an ingestion rate

of 50 mg/day was applied in the central tendency scenarios.
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4.3.3 Dermal Contact with Soils and OU1 Sediments

Appendix A Tables 4.1 through 4.4 present the exposure algorithms and all exposure
assumptions used in deriving exposure estimates for dermal contact with soils and OU1
sediments. Dermal exposure was expressed as an absorbed dose by incorporating a chemical-
specific dermal absorption factor into the exposure equation. Dermal absorption factors reflect
the desorption of the chemical from soil and the absorption of the chemical across the skin and
into the bloodstream (U.S. EPA 1997a). Dermal absorption factors are those identified by
NJDEP and EPA (NJDEP 2001). Consistent with guidance from NJDEP and EPA (NJDEP
2001), where data for absorption from soil are not available, dermal exposure is evaluated

qualitatively.

Surface area reflects the amount of skin exposed to a chemical in the exposure scenario. EPA
does not provide surface area estimates for use in evaluating recreational scenarios. For contact
with outdoor soil exposure in a residential setting, however, U.S. EPA (2001) recommends
using 5,700 cm? for an adult in both central-tendency and upper-bound estimates. This value
represents the 50th percentile of surface areas of the head, hands, forearms, and lower legs and
was derived from the average of these contact areas for men and women over the age of 18.

This estimate was used for adult trespassers in contact with soil or sediment.

For evaluating the older child’s dermal contact with soil or sediment, a surface area of

4,000 cm® was derived for both central tendency and RME estimates, based on guidance from
EPA and NJDEP (NJDEP 2001). Workers’ dermal contact with soil was evaluated using the
skin surface area recommended by U.S. EPA (2001) for workers, which is 3,300 cm?. This is
representative of the 50th percentile skin surface area for the head, hands, and forearms of males
and females more than 18 years old. This surface area estimate was applied in the central

tendency and RME scenarios of both the long-term worker and the construction worker.

The soil-to-skin adherence factor refers to the amount of soil that remains deposited on the skin
after contact. Adherence factors vary by soil type (e.g., moisture content, particle size), by the
body part contacting the soil, and by the activity being conducted while in contact with the soil.

Although U.S. EPA (1997a) reports that adherence factors for sandy sediments are likely to be
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less than for soils (because contact with water may wash the sediment off the skin) adherence to
skin was conservatively assumed to be the same for soils and OU1 sediments in this HHRA.
Adherence values identified in EPA’s latest dermal guidance (U.S. EPA 2001) were applied.
For the trespasser scenario, RME and central tendency adherence factors for adults were -
assumed to be 0.07 mg/cm? and 0.01 mg/cm?, respectively. For older children, RME and
central tendency adherence factors identified by U.S. EPA (2001) were applied, including

0.2 mg/cm? for the RME scenario and 0.04 mg/cm? for the central tendency scenario. For the
construction worker scenario, the adherence factors of 0.2 mg/cm2 for the RME scenario and
0.1 mg/cm? for the central tendency scehan'o were used in calculations, as recommended by
NIDEP. The adherence factor of 0.2 mg/cm? is the highest 50th percentile factor, identified in
data from utility workers. For the long-term worker, an adherence value of 0.2 mg/cm2 was
applied in the RME scenario and 0.02 mg/cm® was applied in the central tendency case,
consistent with recommendations by NJDEP and U.S. EPA (NJDEP 2001).

4.3.4 Incidental Ingestion of Surface Water

Appendix A Tables 4.5 and 4.6 present the exposure algorithms for incidental ingestion of
surface water while wading in the West Ditch or trespassing near the onsite basin. As described
above, given the OU1 location, any trespassing in these areas would be expected to be minimal.
For the trespasser scenario, wading was assumed to represent the greatest exposure potential,
because the OU1 surface water features are an unlikely location for trespassing and are too
shallow for swimming. RAGS (U.S. EPA 1989) recommends a value of 50 mL/hour as the
amount of water ingested while swimming. Based on professional judgment, the HHRA
assumed that 25 percent of EPA’s assumed water consumption rate for swimming, or

12 mI/hour, will be consumed while trespassing near the West Ditch or onsite basin. For the
RME and central tendency scenarios, it was assumed that wading occurs 1 hour/day and

0.5 hour/day, respectively, based on best professional judgment. Trespasser receptors, exposure

duration, and exposure frequency are the same as noted above.
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4.3.5 Dermal Contact with Surface Water

Appendix A Tables 4.5 and 4.6 also present the algorithms for calculating the absorbed dose
from dermal contact with surface water in OU1. The exposure assumptions for dermal c¢ontact
with water are the same as those described for dermal contact with soil. Specifically, trespassers
(older children or adults) visiting these areas are assumed to submerge the surface areas of their

hands, forearms, feet, and lower legs.

The permeability constant reflects the rate of movement of the chemical across the skin.
Permeability constants for all the CoPCs in surface water were taken from comments provided
by NJDEP (NJDEP 2001) or from U..S. EPA (2001) (i.e., from Table 3.1 for metals, or
Appendix B for organic CoPCs) and are shown in Appendix A Table 4.7. All other exposure

assumptions are the same as discussed above for ingestion of surface water.

4.3.6 Ingestion of and Dermal Contact with Groundwater for Workers

Appendix A Table 4.8 presents algorithms that were used to calculate exposure to CoPCs via
use of OU1 groundwater as drinking water in a long-term worker scenario. As described
previously, such use is highly unlikely and is considered here for risk assessment purposes only.
The intake of groundwater for the RME was assumed to be 1 L/day, based on the 2-L/day total
intake of drinking water identified by U.S. EPA (1997a). This assumes that half of all water
intake is consumed in the workplace. Similarly, the central tendency case assumed an intake of
0.7 L/day based on half of the 1.4-L/day mean value identified by U.S. EPA (1997a). Dermal
contact with drinking water at the workplace is assumed to be limited to washing hands. The
surface area assumed was derived from Table 6-4 of U.S. EPA (1997a) and represents the
average of the maximum values for men and women (i.e., 977 cmz, derived from 1,130 cm? and
824 cmz) in the RME case, and the average of the mean values (i.e., 793 cmz, derived from

840 cm? and 746 cm®). Because hand washing involves a very brief exposure period, a
fractional intake for dermal exposure to water of 0.03 was applied to represent about two
minutes of exposure per day. Exposure frequency and duration assumptions are those identified

previously for long-term workers.
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4.3.7 Use of Groundwater as Drinking Water for Hypothetical Future
Residents

As described above, because the site groundwater is identified by the State of New Jersey as
potable drinking water, site CoPCs were evaluated in a future hypothetical scenario in which
water is used as domestic drinking water. In this scenario, water was used for drinking, bathing,

and all other household uses. Associated pathways include:

e Consumption of drinking water by adults and children
e Dermal contact with CoPCs during bathing and showering

‘e Inhalation of volatile CoPCs during bathing or showering.

Exposure assumptions used in this assessment are those agreed to in conversations with EPA
Region II and are consistent with U.S. EPA (1991, 1997a). In all pathways, a standard default
exposure frequency of 350 days per year and duration of 30 years was applied for adults and

6 years for children.

4.3.7.1 Hypothetical .Future Residential Consumption of Drinking Water

The algorithms and assumptions for ingestion and dermal contact with drinking water for adults
and children are presented in Appendix A Tables 4.9 and 4.10, respectively. For adults, the
assumed RME drinking water ingestion rate of 2 L/day is based on guidance in U.S. EPA
(1991) and the central tendency estimate is 1.4 L/day, which is the mean for adults identified in
U.S. EPA (1997a, Table 3-30). For children, the RME ingestion rate of 1.5 L/day is the

95th percentile rate for children ages 3 to 5. This value also represents the 95th percentile rate
for children less than three years old. The childhood assumed central tendency ingestion rate of
0.74 L/day is a mean from U.S. EPA (1997a, Table 3-30) and represents the average of mean
intakes of children less than 3 years and children 3 to 5 years.
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4.3.7.2 Dermal Contact with Water During Showering or Bathing

The algorithms and assumptions for dermal contact with domestic water for adults and children
during showering or bathing are presented in Tables 4.9 and 4.10 of Appendix A. Exposure
terms unique to this hypdthetical residential pathway include skin surface area and showering or
bathing time. For adults, the assumed RME and central tendency skin surface area was

18,000 cm?, which represents the average of the male and female average surface area identified
in U.S. EPA (19972, 2001). The RME and central tendency surface area for children of

6,600 cm? is based on the recommendation for estimates of a bathing or showéring scenario

provided in U.S. EPA (2001).

Exposure times for contact with water during showering or bathing were derived from EPA
Region II (U.S. EPA 2003a) and were also based on the Andelman model. These assumptions
include: RME estimates of 0.25 hours fof adults and 0.45 hours for a child; and central tendency
estimates of 0.10 hours for an adult at 0.14 hours for a child. One bath or shower per day is

assumed.

4.3.7.3 Inhalation of Volatile CoPCs During Bathing or Showering

Consistent with a request from EPA and NJDEP (NJDEP 2001), hypothetical concentrations of
CoPCs in indoor air were estimated through application of the Andelman model as modified by
Schaum et al. (1994). This model was run to evaluate the concentration of volatile contaminants
that might be present in indoor air during and after showering, and to estimate risks for adults
and children following exposure to indoor air related to bathing or showering. Appendix C,
Tables C-1 through C-7 show the methodology, the exposure assumptions, and the results of the
runs of the Andelman model. EPCs for groundwater were the site-specific inputs for the model

estimates.

Appendix C Tables C-1 through C-3 show the algorithm and the assumptions used in estimating
air concentrations and risks in the Andelman model. Two exposure assumptions unique to this
pathway were the inhalation rate during showering and the time spent in the shower and in the

bathroom. The inhalation rate assumed was 20 m° per day for adults and children (i.e., 0.83 m>
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per hour) based on the assumptions in the Andelman model and consistent with assumptions
used by EPA in deriving unit risk values for application in risk assessment. The exposure time
spent in the bathroom during and after bathing or showering was based on recommendations
from EPA Region II (U.S. EPA 2003d) and was also based on the Andelman model. These
assumptions include: RME estimates of 0.58 hours for adults (i.e., the time in the shower [t;] of
0.25 hours and the time after showering [t,] of 0.33 hours) and 1 hour for a child (i.e., [t;] of
0.45 hours and [tz] of 0.55 hours); and central tendency estimates of 0.25 hours (i.e., [ti] of

0.10 hours and [t;] of 0.15 hours) for an adult at 0.33 hours for a child (i.e., [ti] of 0.14 hours
and [t,] of 0.19 hours). One bath or shower per day is assumed.

4.3.8 Inhalation of Mercury Vapors in Outdoor Air

Consistent with the work plan, mercury vapor was the only chemical measured in outdoor air.
The maximum mercury vapor concentrations exceeded the PRG, and it was identified as a
CoPC. Appendix A Table 4.11 presents the algorithm used to calculate exposure to the
measured concentrations of mercury vapor in outdoor air. Exposure assumptions include an
inhalation rate of 3.3 m’/hr for the RME, which is the recommended upper-percentile rate for
outdoor workers, and an inhalation rate of 1.3 m°>/hr for the central tendency case, which is the
mean value identified by U.S. EPA (1997a). The time spent outdoors for both the RME and
central tendency cases was assumed to be an average of 2 hours per day over the course of the
year, based on best professional judgment. Exposure frequency and duration are the same as

those identified for the long-term worker.

4.3.9 Inhalation of CoPCs that Migrate from Soil or Groundwater to
Indoor Air

Consistent with the work plan, the remedial investigation air sampling was for mercury only
because mercury was a primary concern at the site. However, comments on the draft HHRA
(NJDEP 2001) indicated the need for further evaluation of the vapor intrusion pathway for
additional CoPCs identified in soil or groundwater. Vapor intrusion is the migration of volatile

chemicals from subsurface soil and groundwater into overlying buildings. In agreement with

8600B3N.005 0101 0104 LY15 1 2
g:\b30\8600b3n.005 0101\2003\hhra.doc 4'



Agency Review Draft—January 15, 2004

EPA and NJDEDP, the potential for exposure to volatile CoPCs in indoor air was evaluated using
the latest version (031403) of the Johnson and Ettinger model software developed by U.S. EPA
(2003c). The model methodology and assumptions are briefly described here and are
summarized in Appendix C Tables C-8 and C-9. The modeling results are provided in
Appendix C Tables C-10 and C-11.

The Johnson and Ettinger model provides a conservative means to evaluate potential risks
related to exposure to chemicals in indoor air. Some of the key modeling input parameters, such
as the building air exchange rate (ER), averﬁge soil gas flow rate into the building (Qsoi), and
the building mixing height (Hg), are determined based on the EPA Draft Guidance for
Evaluating the Vapor Intrusion to Indoor Air Pathway from Groundwater and Soils (U.S. EPA
2002b).

4.3.9.1 Johnson and Ettinger Methodology

The Johnson and Ettinger model is a one-dimensional analytical solution to convective and
diffusive vapor transport into indoor spaces. The model provides an estimated attenuation
coefficient that relates the vapor concentration in the indoor spaces to the vapor concentration at
the source of contamination (e.g., subsurface soil, groundwater). The model is constructed as
both a steady-state solution to vapor transport (infinite or non-diminishing source) and as a
quasi-steady-state solution (finite or diminishing source). Input parameters to the model include
chemical and physical properties of the modeled chemicals, saturated and unsaturated zone soil

properties, and structural properties of the buildings.

Three scenarios were considered to evaluate the potential vapor intrusion pathway for future

hypothetical workplaces in the developed area or in the undeveloped area including:

e Vapor intrusion from subsurface soil to indoor air was modeled at the
developed area (because the average depth to groundwater was 2.7 ft, the

modeling was conducted assuming a building with no basement)
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e Vapor intrusion from subsurface soil to indoor air was modeled at the
undeveloped area (because the average depth to groundwater was 7.7 ft, the

modeling was conducted assuming a building with basement)

e Vapor intrusion from groundwater to indoor air in either area based on site-
wide groundwater concentrations. Modeling was conducted assuming
buildings had basements. Although the assumption of a basement within the
developed area likely overestimated risks for that area, as indicated in
Section 6, risk estimates for this pathway were well below thresholds

typically considered to be of concern.

Input concentrations for soil and groundwater were the EPCs for subsurface soils in the

developed area and undeveloped area, and the EPCs for sitewide groundwater.

4.3.9.2 Johnson and Ettinger Input Parameter Determinations

To achieve more realistic transport and fate modeling results, efforts have been made to develop
site-specific parameters as part of the inputs to the Johnson and Ettinger model. These
parameters include average sampling depth for subsurface soil samples and depth to
groundwater tables. For the rest of the input parameters, the default values recommended by the

Johnson and Ettinger model User’s Guide (U.S. EPA 2003c) were used.

Following EPA Region II’s recommendation, the key input parameters for the vapor intrusion
modeling were selected from Appendix G of the Draft Guidance for Evaluating the Vapor
Intrusion to Indoor Air Pathway from Groundwater and Soils (U.S. EPA 2002b), and are
summarized as follows:

¢ Building air exchange rate (ER): 0.25 1/hour

¢ Building area and subsurface foundation area (Lg and Wg): 10 X10 m

o Building mixing height (Hg): 3.66 m for basement; 2.44 m for slab-on-grade
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e Average soil vapor flow rate into the building (Qsi1): 5 L/min

¢ Floor-wall seam crack width (w): 0.1 cm.

4.3.9.3 Modeling Results

The indoor air concentrations of chemicals of concern for each of the scenarios were modeled
using the latest version of EPA’s Johnson-Ettinger model software, and the results for
subsurface soil to indoor air and for groundwater to indoor air are summarized in Appendix C
Tables C-10 and C-11, respectively. These modeling results were used in hypothetical risk

estimates for workers exposed to CoPCs in indoor air.

4.3.9.4 Indoor Air Exposure Assumptions

The algorithm and exposure assumptions for estimating workers’ inhalation of CoPCs in indoor
air are presented in Appendix A, Table 4.12. The assumptions regarding exposure frequency
and exposure duration are consistent with those for other worker exposure pathways as
described above (i.e., 250 days per year for 25 years in the RME and for 6.6 years in the central
tendency scenario). EPA has not published inhalation rates for indoor workers; it has, however,
published rates for adults performing various levels of activities indoors (U.S. EPA 19974,
Table 5-23). The indoor inhalation rate for adults in the central tendency estimate was
calculated using a rate of 1.0 m3/hour, based on light activities, for 9 hours, for a total inhalation
rate of 9 m*/day. The RME estimate was calculated assuming 5 hours of moderate activity at an
inhalation rate of 1.6 m*/hour and 4 hours at a light activity level of 1.0 m’/hour for a total
inhalation rate of 12 m3/day (U.S. EPA 1997a, Table 5-23).

4.4 Exposure Point Concentrations

The EPC, or the concentration term in the exposure equation, is derived to reflect a
representative concentration at the exposure point or points over the exposure period (U.S. EPA

1989). In evaluating the RME exposure scenario, EPA guidance specifies the use of the upper
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95th percent upper confidence limit (UCL) on the mean concentration. Consistent with
guidance from EPA Region II, the UCL was applied in both the RME and in the central
tendency scenarios. Where the UCL was greater than the maximum value, the maximum
concentration was applied. Where a chemical was detected at least once in a dataset, the

remaining undetected samples were included in the UCL using one-half of the detection limit).

To evaluate exposures to CoPCs in OU1 media, concentrations in developed and undeveloped
areas and within the OU1 soils, sediments, and surface water were each calculated separately to
better represent likely future uses of these areas. Moreover, as described previously, exposure
to developed area soils was assessed separately for the current and the future scenarios, to
reflect current exposure to unpaved soil and future exposure to all surface soil, including soils

now under pavement.

As part of data analyses conducted during the HHRA, data in each affected environmental
medium were evaluated. For data sets with fewer than ten sample results, the maximum
concentration was used as the EPC for both the RME and central tendency case. Where data
sets Were larger than or equal to ten sample results, the data distributions were statistically tested
for lognormality and normality using the Shapiro-Wilk goodness-of-fit test. Data sets with
more than 50 sample results were tested using the Shapiro-Francia goodness-of-fit test. Data

sets were identified as best fitting a lognormal or normal distribution, or not fitting either.

In cases where a normal distribution fit the data, the 95 percent UCL was calculated using the
Student’s t-statistic method. In cases where a lognormal distribution fit the data, a 95 percent
UCL was calculated using Land’s H-statistic method or Chebyshev inequality (minimum
variance unbiased estimate) method, dependent on the sample size and standard deviation of the
log-transformed data. For small sample sizes with large log-transformed standard deviations,
the 99 percent UCL using Chebyshev inequality was used to provide adequate coverage of the
mean. The choice of which method to use was decided in accordance with U.S. EPA (2002a).
Consistent with U.S. EPA (2002a), a non-parametric calculation method waS used where data
sets were not lognormal or normal. For sample sizes greater than 100, the adjusted Central
Limit Theorem method was used, otherwise Hall’s bootstrap-t method, accounting for bias and

skewness, was used (Schulz and Griffin 1999).
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Results of the calculation of the EPCs used in the HHRA are presented in Appendix A
Tables 3.1 through 3.13.

As recommended in RAGS, the 95 percent UCL of the arithmetic mean was used in estimating
exposure concentrations for the RME scenarios because of the uncertainty associated with
estimating the central tendency exposure concentration. Using the UCL on the mean

concentration is a conservative method for evaluating exposure and risks.

Appendix A includes summaries of OU1 data and EPCs. As described above, two samples wére
identified with mercury concentrations much higher than remaining values, SS-04 in the
developed area and HS-05 in the undeveloped area (see Table 4-1 of the main text). The
maximum mercury value in the developed area (all soils) was 13,800 mg/kg, which is much
higher than the next highest concentration (2,250 mg/kg). This was identified as a hot spot and
the UCL was recalculated without this value. The resulting UCL was higher than the next
highest concentration of 2,250 mg/kg and this value was used in risk calculations. In addition,
in the undeveloped area, Sample HS-5, a hazardous waste sample, had a concentration of
295,000 mg/kg and was also identified as a hot spot. Recalculation of the UCL without this
value resulted in an EPC of 507 mg/kg, which was used in risk estimates for surface soil in the

undeveloped area. The uncertainty assessment includes calculations with these values included.

Similarly, for lead, there was a concentration of 47,600 mg/kg identified in hazardous waste
sample HS-6, which was identified as a hot spot. The UCL calculated with this value was
2,286 mg/kg, and as 1,174 mg/kg without sample HS-6.
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5 Toxicity Assessment

The purpose of a toxicity assessment is to evaluate the potential for CoPCs to cause adverse
health effects in exposed persons and to thoroughly define the relationship between the extent of
exposure to a hazardous chemical and the likelihood and severity of any adverse health effects.
The standard procedure for a toxicity assessment is to identify toxicity values for carcinogenic
and noncarcinogenic effects and to summarize other relevant toxicity information. This section
describes the methods used to evaluate toxicity that could result following oral, dermal, or
inhalation exposure to CoPCs, and provides a brief toxicity profile for inorganic mercury, which
was a key CoPC in this risk assessment. Section 6.3, Uncertainty Assessment, also discussés

uncertainties in EPA’s toxicity value for inorganic mercury.

EPA-derived toxicity values used in risk assessments are termed cancer slope factors (CSFs)
and reference doses (RfDs). CSFs are used to estimate the inqremental lifetime risk of
developing cancer corresponding to CDIs calculated in the exposure assessment. The central
tendency potential for noncarcinogenic health effects is evaluated by comparing estimated daily
intakes to RfDs, which represent daily intakes at which no adverse effects are expected to occur
over a lifetime of exposure. Both CSFs and RfDs are specific to the route of exposure

(e.g., ingestion [oral] exposure). Currently, no CSFs or RfDs exist for dermal exposure;
therefore, oral absorption factors were used to adjust CSFs and RfDs to assess dermal exposure,
as described in the subsection below. For inhalation, unit risk factors for carcinogens and
reference concentrations for noncarcinogenic effects were applied. In some cases, where unit
risk values and reference concentrations were not available, oral toxicity values were used
through route conversions as applied by EPA Region IX in the spreadsheet presenting PRGs
(U.S. EPA 2003a). Although this method was applied in order to evaluate all chemicals
possible in the inhalation pathways, there is some uncertainty related to this approach and the
assumption that inhalation risks are equivalent with oral risks may overestimate risks for some

chemicals.

As indicated in RAGS (U.S. EPA 1989), the primary source for EPA-derived toxicity values is
EPA’s Integrated Risk Information System (IRIS) (U.S. EPA 2003b). This computerized
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database contains peer reviewed toxicity values in addition to up-to-date health risk and EPA
regulatory information for many chemicals commonly detected at hazardous waste sites. EPA
extensively reviews and peer-reviews RfDs and CSFs derived for risk assessment, and once they
are finalized énd posted in IRIS (U.S. EPA 2003b), they represent agency consensus. EPA’s
Health Effects Assessment Summary Tables (HEAST; U.S. EPA 1997b), and the EPA National
Center for Environmental Assessment (NCEA) (http://cfpub.epa.gov/ncea/) also provide EPA-
derived toxicity values that may or may not be veriﬁéd at the time of publication. In this
assessment, toxicity values were selected using the following hierarchy: IRIS values, HEAST
values, and/or NCEA values. In addition, as described above, inhalation toxicity values
identified in the EPA Region IX PRG spreadsheets (U.S. EPA 2003a) were also applied where
no other toxicity values were available. Appendix A Tables 5.1 and 5.2 show the toxicity values
used in this risk assessment to assess noncarcinogenic effects related to oral and inhalation
exposures, respectively, and Appendix A Tables 6.1. and 6.2 present toxicity values for

carcinogenic CoPCs for oral and inhalation exposures, respectively.

5.1 Toxicity Assessment for Dermal Exposure

As noted previously, EPA has not developed any toxicity values for dermal exposure. EPA
suggests, however, that dermal toxicity values can be derived from oral toxicity values for
substances with systemic effects that are not dependent on route of administration (U.S.EPA
1989). In deriving such values, consistency is required between the type of dose that forms the
basis of the oral toxicity value and the type of dose that will be calculated by the dermal
exposure models. Specifically, a distinction must be made between an administered dose or
intake (i.e., the amount of chemical taken into the body) and the absorbed dose (i.e., the amount

of chemical that crosses body membranes and enters the blood stream).

Typically, oral toxicity values and CDIs for oral exposure are based on administered doses (or
intakes); therefore, usually no adjustments are necessary to calculate risk estimates for oral
exposures. However, because dermal exposures are usually expressed in terms of absorbed
doses, dermal toxicity values must also be based on absorbed, rather than administered, doses

(U.S. EPA 2001). To derive a dermal toxicity value for absorbed dose from an oral toxicity
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value based on administered dose, the oral toxicity value is adjusted by an estimate of the
fractional oral absorption (i.e., the oral absorption factor). A CSF is divided by the oral
absorption factor, and an RfD is multiplied by the oral absorption factor to calculate the adjusted

toxicity value.

U.S. EPA (2001) reviewed data on oral absorption of many chemicals and recommends
adjustment factors for an oral slope factor/RfD, used to estimate dermal toxicity values. These
adjustments are described in Appendix A, Tables 5.1 and 6.1 and were applied in estimates of

dermal exposure to CoPCs in soil or water.

Dermal absorption from soil and from water is also a chemical-specific variable. For evaluation
of soil and sediments, the recent EPA dermal risk assessment guidance provides chemical-
specific dermal absorption values for several site CoPCs including arsenic, cadmium, PAHs,
and PCBs. These chemicals were evaluated in the dermal exposure pathways for soil and
sediments. Consistent with EPA guidance, remaining site CoPCs that have no identified

absorption factors from soil or sediments were addressed qualitatively in the dermal assessment.

Estimation of dermal absorption from water requires application of a permeability constant,'
which was also identified by U.S. EPA (2001) and in comments from NJDEP (2001).
Consistent with both of these guidance documents, where no permeability constant was

available, the chemical was not evaluated in the dermal exposure pathway.

Appendix A Tables 5.1 and 6.1 provide the oral absorption factors and adjusted toxicity values

used for relevant CoPCs in this risk assessment.

5.2 Toxicity Profiles

Toxicity profiles provided by EPA in the IRIS database were referred to in preparing this
assessment. These profiles can be accessed through the EPA web site (www.epa.gov/iris/subst/
index.html). This section provides a brief summary of the EPA toxicity value for inorganic

mercury (mercuric chloride), which is one of the main contributors to OU1 risk estimates.
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Estimates of potential risks associated with inorganic mercury are based on EPA’s current RfD
of 0.0003 mg/kg-day, which is based on feeding and injection studies in rats. The RfD was
derived by applying an uncertainty factor of 1,000 to the lowest-observed-adverse-effect level
identified from three studies. The primary adverse effect in these studies, identified at higher
concentrations, was an autoimmune effect on the kidney. EPA indicated that no one study was
sufficient to derive a toxicity value for inorganic mercury. Specifically, there was no chronic
oral study to apply as the basis for the RfD, and consequently, the RfD was based on a
combination of studies conducted in a shorter time frame (subchronic studies) using both the
oral and subcutaneous routes. EPA applied an uncertainty factor of 1,000 to the lowest-adverse-
effect level to account for the use of a subchronic study and the availability of a lowest-adverse-
effect level (as opposed to a no-adverse-effect level), and to account for the relative increased
sensitivity of human populations. The uncertainty assessment discusses uncertainties related to
the application of this RfD in the risk assessmeﬁt to evaluate chronic human exposure resulting

from oral contact with mercury.
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6 Risk Characterization

In risk characterization, quantitative exposure estimates and toxicity factors are combined to
calculate numerical estimates of potential health risk. In this section, potential cancer and
noncancer health risks are estimated assuming long-term exposure to CoPCs detected in OU1
media. As described in Section 4, Exposure Assessment, potential risks are estimated for the
future worker and trespasser scenarios to provide a conservative means of considering possible
future uses. The risk characterization methods described in RAGS (U.S. EPA 1989) are used to
calculate potential RME and central tendency excess lifetime cancer risks for carcinogens, and
hazard indices for CoPCs with noncancer health effects. These methods and the results of the
risk characterization are described below. Tables 6-1 and 6-2 show excess cancer risk estimates
for the RME and central tendency scenarios, while Table 6-3 and 6-4 present RME and centrai
tendency hazard indices. In addition, tables in Appendix A present detailed results of the risk
calculations for each exposure pathway, including EPCs and CDIs calculated for the RME and
central tendency scenarios, toxicity values used in risk estimates, and potential risk estimates for

each CoPC in each exposure pathway.

6.1 Carcinogens

6.1.1 Methods

Quantifying total excess cancer risk requires calculating risks associated with exposure to
individual carcinogens and aggregating risks associated with simultaneous exposure to multiple
carcinogenic CoPCs. A cancer risk estimate for a single carcinogen is calculated by multiplying
the carcinogenic CDI of the CoPC by its slope factor. A 1x107 cancer risk represents a one-in-
one-million additional probability that an individual may develop cancer over a 70-year lifetime
as a result of the exposure conditions evaluated. Because cancer risks are assumed to be
additive, risks associated with simultaneous exposure to more than one carcinogen in a given

medium are aggregated to determine a total cancer risk for each exposure pathway. Total
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cancer risks for each pathway are then summed for reasonable combinations of exposure

pathways, to determine the total cancer risk for the population of concern.

The likelihood that actual risks are greater than estimated risks is very low because of the
conservative assumptions used to develop cancer risk estimates; in fact, actual risks may be
significantly less than predicted values. EPA’s Guidelines for Cancer Risk Assessment states,
“...the linearized multistage procedure (typically used to calculate CSFs) leads to a plausible
upper limit to the risk that is consistent with proposed mechanisms of carcinogenesis...The true
value of the risk is unknown, and may be as low as zero” (51 Fed. Reg. 185:33992, 33998
[1986])).

Although the determination of an acceptable risk level is ultimately a decision to be made by
risk managers, the findings presented here are compared with the range of acceptable risk levels
cited in EPA’s NCP (U.S. EPA 1990b), which EPA describes as the “blueprint for the
Superfund law.” The NCP states that risk levels in the range of 10™ to 107 and lower are
considered to be within the range of acceptable risks for Superfund sites. For perspective on
background cancer risks, the lifetime risk of developing cancer in the U.S. population is
approximately one in two (i.e., 5X 10™") for men and approximately one in three (i.e., 3x107") for

women (American Cancer Society 1998).

6.1.2 Quantification of Carcinogenic Risks

Carcinogenic risk estimates were calculated for older children and adults in the RME and
central tendency scenarios as the probability of additional cancers associated with the exposure
pathways evaluated. Appendix A, Tables 7.1.RME through 7.21.RME provide carcinogenic
risk estimates for the RME scenario, Tables 7.1.Central Tendency through 7.21.Central
Tendency, provide carcinogenic risk estimates for the central tendency scenario and these values
are further summarized for each receptor in Appendix A Tables 9.1. RME through 9.9. RME and
Appendix A Tables 9.1.Central Tendency through 9.9.Central Tendency. In addition, Table 6-1
provides risk estimétes for CoPCs in the RME scenario, and Table 6-2 provides a summary of

risk estimates for all complete exposure pathways in the central tendency scenario. These tables
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also provide a summary of CoPCs that account for primary contribution of the risk estimates in
each pathway. Appendix A Tables 10.1 through 10.7 provide estimates for chemicals in
pathways with RME cancer risk estimates greater than 1x10°° or hazard indices greater than 1.
Estimated total cancer risks for both RME and central tendency scenarios were within the 107
to 107 target risk range identified above, with one exception. The future hypothetical
residential use of drinking water had a risk estimate of 2x107* (i.e., with ingestion, inhalation,
and dermal contact combined). The next highest risk estimate for a receptor was the combined
estimate of 7x107 for the worker in the undeveloped area, or in the developed area, primarily
related to hypothetical consumption of groundwater, ingestion and dermal contact with soil, and
inhalation of volatile constituents in indoor air. Risk estimates for ingestion of groundwater
were primarily related to arsenic in groundwater, estimates for soil were primarily related to
arsenic and PAHs in the developed area and arsenic, PAHs, and PCBs in the undeveloped area,
and indoor air risk estimates were primarily related to estimated concentrations of benzene for

indoor air in the developed area and benzene and benzo[a]pyrene in the undeveloped area.

Trespassers on the undeveloped area had a total risk estimate of 2x107° for ingestion and dermal
contact with soils and the total estimate for the hypothetical trespassers within the West Ditch or
the onsite basin was 1x107>. Risks for this scenario were also related primarily to arsenic and
PAHs in soil and sediments. There were no carcinogenic CoPCs in surface water and thus no
risk estimates. All risk estimates for the construction workers’ contact with soil were below

1x1075,

As discussed further in the Uncertainty Assessment, risks associated with arsenic can be
considered in light of the fact that, while site-specific data were not available, OU1 soil arsenic
concentrations were similar to those in background soils in suburban locations in New Jérsey.
Similarly, risk estimates related to use of groundwater as drinking water should be considered

hypothetical, given that such use is highly unlikely.
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6.2 Noncarcinogens

6.2.1 Methods

Unlike carcinogenic effects, other potential adverse health effects are not expressed as a
probability. Instead, these effects are expressed as the ratio of the estimated exposure over a
specified period to the RfD derived for a similar exposure period (e.g., CDI:chronic RfD). This
ratio is termed a hazard quotient. If the CDI exceeds the RfD (i.e., hazard quotient greater

than 1), there may be concern for noncancer adverse health effects. Exposures resulting in a
hazard quotient less than or equal to 1 are very unlikely to result in noncancer adverse health
effects. ‘Be_cause EPA states that the range of possible values around RfDs is “perhaps an order
of magnitude” (Dourson 1993), the significance of intakes exceeding the RfD by one-half an
order of magnitude or less (i.e., hazard indices less than 5) must be considered carefully (see
Section 6.3.1). In initial risk calculations, hazard quotients for individual CoPCs are summed
for each exposure pathway to derive a hazard index. Hazard indices for each exposure pathway

are then summed to determine the total hazard index for each population of concern.

6.2.2 Quantification of Noncarcinogenic Risks

Appendix A, Tables 8.1. RME through 8.21. RME provide hazard indices for all chemicals in all
pathways and Tables 8.1.Central Tendency through 8.21.Central Tendency provide hazard
indices for all chemicals in all pathways. Appendix A, Tables 9.1. RME through 9.9.RME and
9.1.Central Tendency through 9.9.Central Tendency provide further summaries, and Appendix
A Tables 10.1 through 10.7 provide estimates for chemicals in pathways with RME cancer risk
estimates greater than 1x107® or hazard indices greater than 1. Tables 6-3 and 6-4 summarize
total hazard indices calculated for RME and central tendency scenarios, respectively. These
tables also show the CoPCs with primary input into the hazard index for each pathway. For the
current scenario, the adult and older child trespasser/visitor scenarios had hazard indices greater
than 1 for exposure to soil and to sediments in the undeveloped area, primarily related to
mercury in soil. No other current exposure scenarios had hazard indices greater than one. In the

future scenarios, the exposure estimates and risks were assumed to remain the same for
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trespassers. For long-term workers the future hazard index was 3.8 for exposures to surface soil
(almost entirely related to mercury) and 2.0 for assumed consumption of groundwater as
workplace drinking water (related to multiple chemnicals including arsenic, iron, manganese, and
mercury). The highest estimate was 3.8 for ingestion of surface soil in the developed area, and
was based almost entirely on mercury in soil. Exposure estimates derived including the single
highest value of 13,800 mg/kg at SS-04 in the developed area are provided in the uncertainty
assessment. Mercury in soil was also the primary contributor to a hazard index of 1.4 for a
long-term worker’s exposure to surface soil in the undeveloped area. In the future trespasser
scenarios, hazard indices were also greater than 1 for exposure to soil and sediment, also

primarily related to mercury.

The hypothetical future use of groundwater as drinking water had the highest hazard indices in
the assessment, with all hazard indices greater than one and a maximum estimate of 39 in the
child scenario with a hazard index of 19 related to inhalation of volatile constituents while
bathing, and 19 related to consumption of groundwater. The inhalation hazard indices were
primarily related to naphthalene and the drinking water hazard indices were related to multiple
chemicals including mercury (hazard index of 2.7), manganese (hazard index of 3.8), iron

(hazard index of 4.9), arsenic (hazard index of 2.5), and thallium (hazard index of 3.5).

Hazard indices were less than one for outdoor air, for all indoor air pathways except in the

residential scenario, and for construction workers.

There is no toxicity value for lead. The criterion used to identify lead as a CoPC in surface
water is the national primary drinking water standard of 15 pg/L.. Lead was identified as a
CoPC because the maximum detected concentration of lead in surface water, 19 pg/L, exceeds
this drinking water standard. While this value exceeds the drinking water standard, the
estimated intake of water from these ditches (approximately 12 ml/day for up to 14 days per
year) is several orders of magnitude less than intake from a drinking water source (i.e., 2 L per
day, each day). Thus, intake and potential risks associated with ingestion of lead from the

ditches are negligible.
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Because inputs into the EPA lead models are based on average values, lead in soils was
evaluated based on average concentrations in site media. Lead was present in soil at .
concentrations greater than the 1,000-mg/kg cleanup level identified by EPA for nonresidential
sites in surface and subsurface soils in the undeveloped area. However, the EPC for lead of
2,286 mg/kg (including the single high concentration of 47,600 mg/kg) or of 1,174 mg/kg
(excluding that value) in the undeveloped area surface soil was not substantially higher than the
1,000-mg/kg threshold. For subsurface soil in the undeveloped area, the EPC of 2,110 mg/kg is
about 2 times higher than the level identified by U.S. EPA (1993). However, exposure to
subsurface soils would be expected to occur for limited periods of time and infrequently,
suggesting that hazards associated with lead at this location are minimal. In addition, there are
some highly elevated concentrations of lead in subsurface soil in the undeveloped area,
including a maximum concentration of 58,200 mg/kg detected at the 3-ft depth in sample
TRO0007. However, this concentration is much higher than remaining subsurface concentrations

and is included in the EPC for subsurface soil in the undeveloped area.

6.3 Uncertainty Assessment

Because risk characterization serves as a bridge between risk assessment and risk management,
it is important that major assumptions, scientific judgments, and estimates of uncertainties be
described in the assessment. Risk assessment methods are designed to be conservative to
address the uncertainties associated with each step in the risk assessment process. Thus, “true”

site risks are likely to be less than risks estimated using standard risk assessment methods.

Key factors in risk assessment methods that are likely to result in underestimates or

overestimates of potential site risks include the following:

e Scenarios regarding future site use are estimates and may reflect higher or

lower exposures than actual use patterns.

— In particular, future use of groundwater as drinking water is highly

unlikely, given the availability of other water sources
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— Trespassing is also highly unlikely, given the site location and

conditions.

e Dermal exposure to chemicals in soil and sediments was evaluated for only a
subset of chemicals where absorption data were adequate. Exclusion of other

chemicals is likely to underestimate risks somewhat.

e Site-specific data on background concentrations of metals in soil, sediment,
and water were not available. Site-related risks may have been overestimated
if these metals were also present in background media at similar

concentrations.

e Use of EPA’s CSFs for carcinogens, which are based on the assumption that
any exposure to a carcinogen is associated with some risk of cancer, is likely

to overestimate risks.

e Use of studies conducted in animals dosed at high levels to derive toxicity
values may overestimate risks in human populations exposed at much lower

levels.

The following sections provide more discussion regarding the potential for uncertainties related

to toxicity value exposure assumptions to result in overestimates or underestimates of risk.

6.3.1 Uncertainties Related to Toxicity Values

EPA has stated in its guidelines for cancer risk assessment, “...the linearized multistage
.

procedure leads to a plausiblé upper limit to the risk that is consistent with proposed N\\IV
mechanisms of carcinogenesis...The true value of the risk is unknown, and may be as low as (@i\@o)
zero” (51 Fed. Reg. 185:33992, 33998 [1986]). As a result, actual site risks related to exposures

to carcinogens in site media are unlikely to be underestimated, and are likely to be substantially
overestimated by the procedures applied in this risk assessment. @, given uncertainties
regarding individual exposure patterns and sensitivities, actual risk for an individual may be

higher or lower than the calculated estimate.
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For evaluating noncarcinogenic risks, EPA states in IRIS that the range of possible values
around RfDs is “perhaps an order of magnitude” (U.S. EPA 2003b). EPA staff (Dourson 1993)
have expanded on this concept by noting that the range varies for different RfDs, depending on
the uncertainty factors used (the greater the uncertainty factor, the greater the possible range).
This means, in general, that environmental exposures falling into the range of the RfD cannot be
distinguished scientifically from the RfD itself. That is, if a CoPC has an RfD of 1 mg/kg-day,
the range of true no-effect values might be 0.3-3 mg/kg-day, indicating a combined span of
about one-half an order of magnitude above and below the RfD (Dourson 1993). EPA staff
have further noted (Woodruff 1989, pers. comm.) that, although they are generally concemed if
intakes exceed the RfD by one-half order of magnitude, the magnitude of the uncertainty factors
in the RfD must be considered in evaluating the significance of any exceedance of the RfD. For
example, fluoride has an uncertainty factor of 1; thus, a regulator might be concerned about any
exceedance of the RfD. On the other hand, for CoPCs with very large uncertainty factors

(e.g., 1,000), exceedances of 5-fold or more may not be of concern.

This statement is particularly relevant for risk estimates related to inorganic mercury here,
which are based on an RfD derived by EPA through application of an uncertainty factor of
1,000. As noted previously, the RfD for mercury applied here in hazard estimates for soil was
derived from a data set that was limited. Specifically, EPA noted that there were no chronic oral
studies available to derive an RfD and, as a result, EPA applied a 1,000-fold uncertainty factor.
This effectively means that adverse effects were seen in animals at a dose level 1000 times
higher than the RfD, which is assumed to be the safe concentration. The hazard quotient of 3.8
for mercury in sdil should be considered in light of the large margin between the dose

potentially causing adverse effects and the RfD.

6.3.2 Influence of Background Arsenic Concentrations

Regarding the cancer risk estimate for arsenic in soil, the contribution from naturally occurring
background sources of arsenic in soil should be considered in evaluating the risk estimates.

Although site-specific background data are not available, background data for the state of New
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Jersey suggest that the arsenic concentrations in OU1 soils may not differ from those that would

be found associated with soils that have no known source of arsenic (i.e., background locations).

As is indicated in Table 6-5, the OU1 soil arsenic concentrations are either within or similar to
the range of concentrations identified as background within New Jersey soils. Therefore, risks
related to exposure to arsenic in OU1 soil may be similar to those for locations with naturally

occurring arsenic in soils.

6.3.3 Influence of Regional Mercury Sources on Ambient Air
Concentrations

Multiple sources contribute to mercury concentrations in ambient air. The New Jersey Division
of Science, Research, and Technology of NJDEP has summarized information on mercury in
New Jerseys environment in a chapter entitled Chapter 7—Occurrence and Impact of Mercury
in NJ’s Environmental Media (www .state.nj.us/dep/dsr/vol2-chapter7.pdf). According to the
chapter, both natural and anthropogenic sources contribute to mercury in New Jersey. One
investigation cited in the chapter indicated that 67 percent of environmental mercury in New
Jersey comes from regional and global sources, with the remainder from instate sources.
Regarding mercury concentrations in air, the chapter noted that mercury in ambient air generally
ranges from 1 to 6 ng/m3, based on several studies around the world. While no representative
data for New Jersey were identified in the chapter, a national background concentration for
elemental mercury in air of 1.6 ng/m3 was noted, based on the Report to Congress (U.S. EPA
1997c). Although site-specific inputs may clearly be the dominant source at a given location, all

locations are subject to some regional and global input.

6.3.4 Exclusion of “Hot Spot” Mercury Concentration

As described in Section 4 and shown in Table 4.1, two samples were identified with mercury
concentrations much higher than remaining values, SS-04 in the developed area and HS-05 in
the undeveloped area (see Table 4-1). The maximum mercury value in the developed area (all

soils) was 13,800 mg/kg, which is much higher than the next highest concentration
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(2,250 mg/kg). This was identified as a hot spot and the UCL was recalculated without this
value. The resulting UCL was higher than the next highest concentration of 2,250 mg/kg and
this value was used in risk calculations. If the single highest value of 13,800 mg/kg were to be
applied as the EPC for surface soils in the developed area, the hazard index would be 22.5, in
contrast to the hazard index of 3.7 derived through application of the EPC of 2,250 mg/kg.

In addition, in the undeveloped area, Sample HS-5, a hazardous waste sample, had a
concentration of 295,000 mg/kg and was also identified as a hot spot. Recalculation of the UCL
without this value resulted in an EPC of 507 mg/kg, which was used in risk estimates for surface
soil in the undeveloped area. Calculation of a hazard index using the UCL of 7,332 mg/kg
derived including this hot spot value would result in a hazard index of 12.3 for workers in the
undeveloped area in place of the estimate of 0.83 for mercury derived through application of the
507 mg/kg value (Appendix A, Table 7.9.RME). However, the high degree of influence on the

UCL from the single sample likely results in an overestimate of long-term exposure and risk.

6.3.5 Uncertainties Related to Modeling

As described above, health protective assumptions were applied in modeling conducted for
indoor air. In particular, the assumption that groundwater would be used as a drinking water '
source for workers or for residents is highly unlikely and provides risk estimates that are not
currently applicable at the site. Moreover, modeling of indoor air concentrations related to
domestic use of groundwater is also highly health protective and is likely to overestimate health
risks even if such an unlikely scenario were to occur. In the case of Johnson and Ettinger
modeling conducted to evaluate indoor air concentrations related to volatilization from soil or
groundwater, aspects of this modeling are also likely to overestimate risks. For example, the
modeling was conducted including an assumption that future buildings in the undeveloped area
will have basements. In contrast, plans in place at this time do not include buildings with
basements. The basement scenario in the model results in a higher air concentration estimate.
For example, for xylene, modeling conducted agmming a basement results in an estimated
concentration of 40.3 ug/m3, while modeling assuming no basement results in an estimate of

23.8 ;Lg/m3 concentration. Other chemicals would have similarly reduced concentrations in
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modeling applications assuming a slab construction. This would result in lower risk estimates

for this pathway.
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7 Conclusions

On behalf of Rohm and Haas Company, Exponent prepared a HHRA for OU1 of the site located
in Wood-Ridge and Carlstadt, New Jersey. The objective of the baseline HHRA was to quantify
human health risks associated with CoPCs within OU1 in the absence of any action to control or
mitigate those CoPCs (i.e., under the no-action alternative). The HHRA focused on current and
hypothetical future conditions that assumed use of both the undeveloped and the developed
areas as workplaces in the future. Potential risk estimates for carcinogens were compared to the
range of target excess risk levels (1x107° to 1x107*) identified by EPA in the NCP. Potential
risk estimates for noncarcinogens were compared with a hazard index of 1. Exposure
assumptions and toxicity values used in this HHRA reflect the inherently conservative nature of

risk assessments conducted for regulatory purposes.

Intakes of CoPCs were estimated using algorithms and assumptions consistent with EPA

guidance (e.g., U.S. EPA 1989). The following exposure pathways were evaluated:

¢ Surface soils in the developed area—Incidental ingestion, and dermal

contact with CoPCs by long-term workers and construction workers

e Surface soils in the undeveloped area—Incidental ingestion, dermal contact
with CoPCs by long-term workers, construction workers, and trespassers who

might visit OU1

o Subsurface soils in the developed and undeveloped areas—Ingestion and

dermal contact with CoPCs in subsurface soils by construction workers

o Surface water and sediments in QUl—Incidental ingestion and dermal
contact with surface water and sediments by an adult or older child trespasser

who might contact CoPCs in the onsite basin and the West Ditch

¢ Groundwater—Ingestion and dermal contact of CoPCs in groundwater by

long-term workers and residents who use groundwater for drinking water
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¢ Outdoor air—Inhalation of mercury vapor in outdoor air by long-term

workers in the developed or undeveloped area

¢ Indoor air CoPCs migrating from subsurface soil or groundwater—
Inhalation of volatile contaminants in indoor air by long-term workers in the

developed or undeveloped area

e Indoor air CoPCs migrating from domestic groundwater—Inhalation of
volatile contaminants in indoor air during and after showering or bathing by

residents who use groundwater for domestic drinking water.

These scenarios are hypothetical. In particular, use of OU1 groundwater as drinking water is
highly unlikely, given the availability of other drinking water sources. Development of the
undeveloped area for workplace use would require fill in many areas, so direct exposure to soil
is not likely to occur. Trespassers entering the site are considered unlikely, given the site
location and access restrictions, the current conditions, and anticipated future site use. In
addition to consideration of hypothetical exposure pathways, conservative assumptions

regarding exposure and toxicity were used to calculate potential risk estimates.

Estimated total cancer risks for both RME and central tendency scenarios were within the 1076
to 107 target risk range identified above, with one exception. The future hypothetical
residential use of drinking water had a risk estimate of 2x107* (i.e., with ingestion, inhalation,

and dermal contact combined).
Specific results for each scenario were as follows:
For the developed area:

e Under current conditions in the developed area, the long-term worker had a
total risk estimate of 2x107>, resulting primarily from estimated
concentrations of benzene in indoor air (from soil), and arsenic and PAHs in

soil.
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¢ Under hypothetical future conditions in the developed area, the long-term
worker scenario had a total risk estimate of 7x107>, including the risk
estimates identified above related to indoor air and soil exposures. This
estimate for the future worker in the developed area also had assumed
exposure to CoPCs through consumption of groundwater as drinking water,

which had a risk estimate of 4x107, primarily related to arsenic in water.

For the undeveloped area:

e Under hypothetical future conditions in the undeveloped area, the RME risk
e.stimate for a long-term worker’s ingestion of surface soil was 1x107 , and
dermal contact with soil was 1><10_5, both related primarily to arsenic, PAHs,
and PCBs. In addition, the risk estimate for consumption of groundwater was
4x107°, related primarily to arsenic and benzene in groundwater, for a

(rounded) total risk estimate for long-term workers of 7x107.

e The highest risk estimates for current or future trespassers to the undeveloped
area were 2x107, for ingestion of and dermal contact with soils. The highest
total risk estimate for trespassers’ exposure to sediments in the West Ditch or
the onsite basin was 1x107. Risks for the trespasser scenarios were also

related primarily to arsenic, PAHs, and PCBs in soil and sediments.

e There were no carcinogenic CoPCs in surface water.
For the developed and undeveloped area:

e All risk estimates for the construction workers were below 1x10°¢, indicating
that potential risks related to human contact with subsurface soils are well

within acceptable levels identified by EPA.
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Hypothetical residential use of drinking water:

o The highest risk estimate for the hypothetical residential use of drinking
water scenario was 2><10_4, primarily related to arsenic in drinking water,
with some contribution from benzene and 1,4-dichlorobenzene volatilized

during showering or bathing.

71 Noncancer Risk Estimates

For noncarcinogens, in current scenarios, only current trespasser exposure scenarios in the
undeveloped area had hazard indices greater than 1. These ranged from 1.3 to 3.5 and were
primarily related to mercury in soil and sediment. In the future scenarios, the long-term worker,
the adult and child trespasser scenarios, and the hypothetical residential use of groundwater all

had hazard indices greater than the threshold of 1.
Results for the future scenarios for the long-term worker were as follows:

 The highest estimated hazard index was 3.8 for ingestion of surface soil in
the developed area, based almost entirely on mercury in soil. If the single
highest soil concentration of 13,800 mg/kg at SS-04 were to be applied as the

EPC for surface soils in the developed area, the hazard index would be 22.5.

e Mercury in soil was also the primary contributor to a hazard index of 1.4 for

long-term worker’s exposure to surface soil in the undeveloped area.

o Future hypothetical workplace ingestion of groundwater site-wide had a
hazard index of 2.0 based on mercury, manganese, arsenic, thallium, and

iron.

e The total hazard indices for future long-term workers in the developed and
undeveloped areas were 6.1 and 4.1, respectively, related to mercury in soils

and mercury and other metals in water.
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The future trespasser scenarios were assumed to be the same as the current scenarios described

above and so the hazard indices are the same as those described for the current scenario.

Finally, the hypothetical residential use of drinking water scenario had total hazard indices of
12 for adults and 39 for children. In each scenario, approximately half of the total hazard index
was related to ingestion of groundwater and half of the estimate was related to inhalation of
volatile CoPCs during showering or bathing. The groundwater consumption estimates were
related to iron, manganese, thallium, mercury, and arsenic, while the inhalation estimates were
related to primarily to naphthalene with some contribution from 4-methylphenol (evaluated as

phenol), benzene, and xylenes.

Although the risk and hazard estimates for several hypothetical pathways exceeded the
acceptable target range identified by EPA, these findings should be considered within the
context of the uncertainties related to the estimation methods. Mercury and arsenic were
responsible for the majority of site risks. The potential for overestimation of OU1 risks related

* to exposure assumptions and to the toxicity value for mercury derived through application of a
1,000-fold uncertainty factor, suggests that risks may be lower than the RME estimates provided
here. Furthermore, EPA indicates that the range of possible values around RfDs such as that
used to evaluate inorganic mercury is “perhaps an order of magnitude.” The hazard quotients

estimated here for mercury in soil should be considered in this light.

In addition, although site-specific background concentrations were not available, concentrations
of arsenic in OU1 soil were similar to those identified in background locations in suburban New
Jersey. Thus, risks related to arsenic in OU1 soil would not be expected to differ substantially
from estimates derived for typical background locations. Moreover, many of the potential
exposure pathways considered here are entirely hypothetical. In particular, use of groundwater

as drinking water is highly unlikely and is considered here only for risk assessment purposes.
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Figure 1-1. Site location map.
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Table 3-1. Contaminants of potential concern in various media at OU1 of the Ventron/Velsicol site

Indoor Air  Indoor Air
Developed Developed from from Indoor Air
Area Solls  Area Soils Undeveloped Undeveloped Developed Undeveloped Developed Undeveloped from Indoor Air from
(current (future Area Area Solls Area Area Area Area Developed Undevsloped
scenario) scenario)  Sediments and Wastes Subsurface Subsurface Surface Ground- Outdoor Subsurface Subsurface Area Area
Analyte (0~12in.) (0-12 in.) (0-12in.) (0-12in.) Solls Soils Water  water Air Sails Soils Groundwater Groundwater
INODRGANIC ANALYTES
Aluminum X X X
Antimony
Arsenic X X X
Barium
Cadmium X
Chromium
Copper
Iron
Lead
Manganese
Mercury (total)
Methylmercury® X
Mercury vapor
Nickel
Selenium
Silver
Thallium X
Vanadium X X
Zinc
ORGANIC ANALYTES
Semivolatile Organic Analytes
4-Methylphenol X
bis[2-Ethylhexyl]phthalate X
Carbazole X X
Volatlle Organic Analytes
1,4-Dichlorobenzene
1,2-Dichlorosthene, isomers
4-Methyi-2-pentanone
Acetone
Benzene X X
Chlorobenzens
Chioroethane
Toluene
Xylenes
Polycyclic Aromatic Hydrocarbons
2-Methyinaphthalene
Benz{ajanthracene
Benzola]pyrene X
Benzo[bjfluoranthens X
Benzo[ghl]perylens
Benzo[k]fluoranthene
Dibenz{a,hJanthracene X X X
Indeno[1,2,3-cd]pyrene X
Naphthalene
Polychlorinated Biphenyls
Aroclor® 1242
Aroclor® 1248 X X
Aroclor® 1254
Aroclor® 1260 X X

Note: OU - operabie unit
® Methyimercury has been retained as a CoPC where present based on past historical use at this site.
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Table 4-1. Exposure point concentrations for total mercury with and without
Samples SS-04 and HS-5

Frequency
No. of of 95 percent:
Resuits Detection  Minimum Maximum UCL EPC
Developed Area
With SS-04 15 100% 9.3 13,800 15,541 13,800
Without SS-04 14 100% 9.3 2,250 5,884 2,250
Undeveloped Area
With HS-5 41 100% 0.33 295,000 7,332 7,332
Without HS-5 40 100% 0.33 588 507 507
Note: EPC - exposure point concentration
UCL - upper confidence limit
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Table 6-1. Summary of total excess lifetime cancer risks for reasonable maximum exposure scenarios

: Cancer Percent Contribution Cancer Parcent Contribution Chemicals with Primary Contribution to Risk
Receplor/Exposure Pathway - Risk by Pathway Risk by Pathway for each Pathway
Developed Area Adult Child
Long-term Worker - Current
Outdoor Alr OE+0 No carcinogsns detected
Total - Outdoor Air: OE+0 0%
Surface Soli - unpaved
Ingestion of Surface Soil 4E-6 17% NA - Arsenic, PAHs
Dermal Contact with Surface Soil 2E-6 1% NA - Arsenic, PAHs
Inhalation of vapors in indoor air (solf) . 1E5 N% NA - Benzens
" Inhalation of vapors in-indoor air {(groundwater) 2E-7 1% NA - Benzene
Total for C Worken: 2E-6 100%
Long-term Worker - Future
Outdoor Air 0E+0 No carcinogens detected
Total - Qutdoor Air. 0E+0 0%
Surface Soll - paved and unpaved
Ingestion of Surface Soil 4E-6 6% NA - Arsenic, PAHs
Dermal Contact with Surface Soll 3E-6 5.1% NA - PAHs, arsenic
Inhalation of vapors-in indoor air (soif) iE-5 22.3% NA - Benzene
Inhalation of vapors in indoor air {(groundwater) 2E-7 0.2% NA - Benzene
Total - Surface Soil: 2E-5
Exposure to Groundwater
as Workplace Drinking Water
Ingestion of Groundwater 4E-5 66% NA - Arsenic, benzene
Dermal Contact with Groundwater 3E-¢ 0.01% NA - Benzene, arsenic, 1,4-dichlorobenzene
Total - Groundwater: 4E-! .
Total for Commercial Worker: 7E-t 100%
Construction Worker - Current/Future
Exposure to Subsurface Soil
Ingestion of Subsurface Soit 5E-8 69% NA - Arsenic
Dermal Contact with Subsurface Sail 2E-8 31% NA - Arsenic, PCBs
Total for Construction Worker: 8E-8 100%
Undeveloped Area
Long-term Warker - Future
Surface Soll
ingestion of Surface Soil 1E-5 15% NA - PAMs, arsenic, PCBs
Dermal Contact with Surface Soll 1E-5 20% NA - PAHs, PCBs, arsenic
Inhalation of vapors in indoor air (soil} SE-7 1% NA - Benzola]pyrene
Inhalation of vapors-in indoor air (groundwater) 2E-7 0.2% NA - Benzene
Total - Surtace Soil, Indoor Air: 2E-5
Exposure to Groundwater as Workplace Drinking Water
Ingestion of Groundwater 4E-§ 64% NA - Arsenic, benzene
Dermal Contact with Groundwater 3E-4 0.005% NA - Benzene, arsenic, 1,4-dichlorobenzene
Total - Groundwater. 4E-!
Total for Commerclal Worker: TE- 100%
C Worker - C /Future
Exposure to Subsurface Soll
Ingestion of Subsurface Soil 2E-7 49% NA - Arsenic, PAHs, PCBs
Dermal Contact with Subsurface Soil 2E-7 51% NA - PAHs, PCBs, arsenic
Total for C Worker: 4E-7 100%
Trespassers - Current/Future
Exposure to Surface Soll
Ingestion of Surface Soit 1E-5 70% 5E-6 54% PAHs, arsenic, PCBs
Dermal Contact with Surface Soil SE-6 30% 5E-6 46% PAHs, PCBs, arsenic
Total for T - Surface Soll: 2E-5 100% 1E-§ 100%
Contact with Surface Water and Sediments in OU1
Ingestion of Sedimants 7E-6 74% 3E-6 58% PAHs, arsenic
Dermal Contact with Sediments 3E-6 26% 2E-6 42% PAHs, arsenic
Ingestion of Surface Water 0E+0 0% 0E+0 0% No carcinogens detected
Dermal Contact with Surface Water OE+0 0% 0E+0 0% No carcinogens detected
Total for Trespassers - Sediments/ Surface Water: 1E-5 100% SE-6 100%
Hypothetical Future Resldential Use of G d
Ingestion of Groundwater 1E-4 70% 1E-4 73% Arsenic, benzene
Demnal Contact with Groundwater 8E-7 0% 5E-7 0% Arsenic, b 1,4-di
Inhalation from showering or bathing 6E-5 30% 4E-5 27% B , 1,4-di BEHP
Yotal - Hypothetical Residential Use of Groundwater: 2E-4 100% 1E-4 100%
Note: PAH - polycy ic hydrocarb

PCB - polychiorinated biphenyls
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Table-6-2. Summary of total excess lifetime cancer risks for centrai tendency exposure scenarios

Cancer Parcent Contribution Cancer Percent Contribution Chemicals with Primary Contribution to Risk
Receptor/Exposure Pathway Risk by Pathway Risk by Pathway for each Pathway
Developed Area Adult Child
Long-term Worker - Current
Outdoor Alr 0E+0 No carcinogens detected
Total - Qutdoor Air: OE+0
Surface Soll - unpaved
Ingestion of Surface Soil 9E-7 24% NA - Arsenic, PAHs
Dermal Contact with Surface Soil 6E-8 2% NA - Arsenic, PAHs
Inhalation of vapors in-indoor air (soil) 3E-6 74% NA - Benzene
Inhalation of vapors in indoor air {groundwater) 3E-8 0.8% NA - Benzene
Total for Commercial Worker: 4E-6 100%
Long-term Worker - Future
Outdoor Air 0E+0 No carcinogens-detected
Total - Qutdoor Air: 0E+0
Surface Soll - paved and unpaved
Ingestion of Surface Soil 1E-8 14% NA - Arsenic, PAHs
Dermal Contact with Surface Sail 9E-8 1.1% NA - PAHs, arsenic
Inhalation of vapors in indoor air {scil) 3E-6 35.6% NA - Benzene
Inhalation of vapors in indoor air {(groundwater) 3E-8 0.4% NA - Benzene
Total - Surface Soil, Indoor Air: 4E-6
Exposure to Groundwater
as Workplace Drinking Water
Ingestion of Groundwater 4€-6 49% NA - Arsenic, benzens
Dermal Contact with Groundwater 7E-10 0.01% NA - Benzene, arsenic, 1,4-dichlorobenzene
Total - Groundwater: 4E-6
Total for Commerclal Worker: 8E-8 100%
Construction Worker - Current/Future
Exposure to Subsurface Soll
Ingestion of Subsurface Sail 1E-7 97% NA - Arsenic
Dermal Contact with Subsurface Soil 5E-9 3% NA - Arsenic, PCBs
Total for Construction Worker: 2E-7 100%
Undeveloped Area
Long-term Worker - Future
Surface Soll
Ingestion of Surface Soil 3E-6 37% NA - PAHSs, arsenic, PCBs
Dermal Contact with Surtace Soil 4E-7 5% NA - PAHs, PCBs, arsenic
Inhalation of vapors in indoor air (soll) 167 1% NA - Benzofa]pyrens
Inhalation of vapors in indoor air {(groundwater) 3E-8 0.4% NA - Benzene
Total - Surface Soll, Indoor Air: 3E-6
Exp 1o Gi dv as Workplace Drinking Water .
Ingestion of Groundwater 4E-6 56% NA - Arsenic, benzena
Dermal Contact with Groundwater 7E-10 0.010% NA - Benzene, arsenic, 1,4-dichiorobenzene
Total - ? 4E-6
Total for Commercial Worker: 7E-6 100%
Construction Worker - Current/Future
Exposure to Subsurface Soll
ingestion of Subsurface Soil 6E-7 93% NA - Arsenic, PAHs, PCBs
Dermal Contact with Subsurface Soll 4E-8 7% NA - ! PAHs, PCBs, arsenic
Total for Construction Worker: 6E-7 . 100%
Trespassers - Current/Future
Exposure to Surface Soll
Ingestion of Surface Soit oE-7 89% 1E6 75% PAHs, arsenic, PCBs
Dermal Contact with Surface Sail 1E-7 1% 4E-7 25% PAHs, PCBs, arsenic
Total for Trespassers - Surface Soll: 1E-6 100% 2E-6 100%
Contact with Surface Water and Sediments in OUT
Ingestion of Sediments 5E-7 91% 8E-7 78% PAHS, arsenic
Dermal Contact with Sediments SE-8 8% 2E-7 2% PAHs, arsenic
Ingestion of Surface Water QE+0 0% OE+0 0% No carcinogens detected
Dermal Contact with Surface Water OE+0 0% 0E+0 0% No carcinogens datected
Total for Trespassers - Sediments/ Surface Water: 6E-7 100% 1E-6 100%
Hypothetical Future Residential Use of Groundwater
Ingestion of Groundwater 3E-5 79% 5&-5 80% Arsenic, benzene
Dermal Contact with Groundwater 9E-8 0% 1E-7 0% Arsenic, b 1,4-dichtorob
ion from showering or bathing 8E-6 21% 1E-5 20% B 1.4-dichlorobenzene, BEHP
Tot;l - Hypo(hetlcg_l Resldential Use of Groundwater: 4E-5 100% gg-s 100%

Note: PAH - polycycl hydi

PCB - polychiorinated biphonyls
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Table 6-3. Summary of total hazard indices for reasonable maximum exposure scenarios

Hazard Percent Contribution Hazard Percent Contribution Chemicals with Primary Contribution to Risk
Receptor/Exposure Pathway Index by Pathway index by Pathway for edch Pathway
Developed Area Aduit Child
Long-tertn Worker - Carrent -
Outdoor Air 0.025 Mercury vapor
Total - Outdoor Air: 0.025 3%
Surface Soll - unpaved
Ingestion of Surface Soll 0.60 62% NA - Mercury
Dermal Contact with Surface Soil 0.0071 0.7% NA - Arsenic
Inhalation of vapors in indoor air (soil) 0.33 34% NA - Benzene, 2-msthyinaphthalene
Inhalation of vapors-in indoor alr (groundwater) 0.0088 0.9% NA - Toluene, naphthal b yt
Total - Surface Scil, Indoor Air: 0.95
Total for C al Worker: 0.97 100%
Long-term Worker - Future
Outdoor Air 0.025 Mercury vapor
Total - Outdoor Alr: 0.025 0.4%
Surface Soll - paved and unpaved
ingestion of Surface Soil 38 62% NA - Mercury
Dermal Contact with Surface Soil 0.0071 0.12% NA - Arsenic
Inhalation of vapors In indoor air (soll) 0.33 5% NA - Benzene, 2-methyinaphthalene
Inhalation of vapors In indoor air (groundwater) 0.0088 0.14% NA - Toluene, naphthalene, benzens, xylenes
Total - Surface Sail: 4.1
Exposure to Groundwater
as Workplace Drinking Water
Ingestion of Groundwater 20 2% NA - Iron, manganess, thallium, mercury, arsenic
Dermal Contact with Groundwater 0.00091 0.01% NA - Manganese, mercury
Total - Groundwater: 2.0
. Total for Commerclal Worker: 8.1 100%
Construction Worker - Current/Future
Exposure to Subsurface Soil
Ingestion of Subsurface Soll 0.55 99% NA - Mercury
Dermal Contact with Subsurface Soit 0.0054 1% NA - PCBs, arsenic
Total for Construction Worker: 0.56 100%
Undeveloped Area
Long-term Worker - Future
Siirface Soil
Ingestion of Surface Soil 1.2 29% NA - Mercury, PCBs
Dermal Contact with Surface Soil 0.21 5% NA - PCBs
Inhalation of vapors in indoor alr (soil) 0.76 19% NA - PAHSs, xylenes
Inhalation of vapors in indoor air (groundwater) 0.0088 0% NA - Toluene, naphthalene, benzene, xylenes
Total - Surface Soil, Indoor Air: 2.2
Exp to Gi dy as Workplace Drinking Water
Ingestion of Groundwater 2.0 AT% NA - Iron, manganese, thallium, mercury, arsenic
Dermal Contact with Groundwater 0.00091 0% NA - Manganese, mercury
Total - Groundwater: 20
Total for Commercial Worker: 4.1 100%
Construction Worker - Current/Future
Exposure to Subsurface Soll
ingestion of Subsurface Soit 0.39 88% NA - Mercury
Dermal Contact with Subsuriace- Soil 0.051 12% NA - PCBs
Total for Construction Worker: 0.4 100%
Tresp -C uture
Exposure to Surface Soil
Ingestion of Surface Soil 1.2 95% 18 90.4% Mercury, PCBs
Dermal Contact with Surface Soil 0.088 5% 0.18 9.6% PCBs
Total for Tresp - Surface Soli: 1.3 100% 20 100%
Contact with Surface Water and Sediments in OU71
ingestion of Sediments 24 98% 34 98% Mercury
Dermal Contact with Sediments 0.012 1% 0.035 1% PCBs
Ingestion of Surface Water 0.0047 0% 0.0088 0.2% Mercury
Dermal Contact with Surface Water 0.031 1% 0.032 0.8% Moercury, manganese
Total for Trespassers - Sedi ts/ Surface Water: 24 100% 35 100%
Hypothetical Future Residentlal Use of Groundwater
Ingestion of Groundwater 8.5 46% 19 49% Iron, manganese, thalllum, mercury, arsenic
Dermmal Contact with Groundwater 0.t2 1% 0.37 1.0% Manganese, mercury
inhatation from showering or bathing 8.3 53% 19 50% Naphthal 4-methytphenol, benzene, xylenes
Total - Hypothetical Residential Use of Groundwater: 12 100% 39 100%
— —rrgea

Note: PAH -

PCB - polychiorinated bipheryls



5002300050101 HHAA_Le. ey

Tabie 6-4. Summary of total hazard indices for centrai tendency exposure scenarios

Hazard Percent Contribution Hazard Percent Contributi Chemicals with Primary Contribution to Risk
Receptor/Exposure Pathway Index by Pathway Index by Pathway for each Pathway
Developed Area Adult Chiid
Long-term Worker - Current
Outdoor Air 0.010 1% Mercury vapor
Total - Qutdoor Air. 0.010
Surface Soll - unpaved
Ingestion of Surface Soil 0.60 69% NA - Mercury
Dermal Contact with Surface Soll 0.00071 0% NA - Arsenic
Inhalation of vapors.in indoor alr (sall) 0.25 29% NA - Benzene, 2-methylnaphthalene
Inhalation of vapors in indoor alr (groundwater) 0.0066 1% NA - Toluense, naphthalens, benzene, xylenes
Total for Commercial Worker: 0.87 100%
Long-term Worker - Future
Qutdoor Alr 0.010 Mercury vapor
Total - Outdoor Air: 0.010 100%
Surface Soll - paved and unpaved
ingestion of Surface Soil 38 93% NA - Mercury
Demal Contact with Surface Soil 0.00071 0% NA - Arsenic
Inhatation of vapors in indoor air (soil) 0.25 6% NA - B 2-methyinaphthal
Inhalation of vapors in indoor alr (groundwater) 0.0086 0% NA - Toluene, naphthalens, benzene, xylenes
Total - Surface Soil, Indoor Air: 4.0 100%
Exposure to Groundwater
as Workplace Drinking Water
Ingestion of Groundwater 0.50 100% NA - Iron, manganess, thallium, mercury, arsenic
Dermal Contact with Groundwater 0.00074 0% NA - Manganese, mercury
Total - Groundwater: 0.50
Total for C lal Worker: 4.5 100%
Construction Worker - Current/Future
Exposure to Subsurface Soll
Ingestion of Subsurface Soil 0.0092 89% NA - Mercury
Dermal Contact with Subsurface Soil 0.0011 1% NA - PCBs, arsenic
Total for Construction Worker: 0.010 100%
Undeveloped Area
Long-term Worker - Future
Surface Soll
Ingestion of Surface Soll 1.2 52% NA - Mercury, PCBs
Dermal Contact with Surface Soil 0.021 1% NA - PCBs
Inhalation of vapors in indoor-air (soif) 0.57 25% NA - PAHs, xylenes
Inhalation of vapors In indoor air (groundwater) 0.0086 0% NA - Toluens, naphthalene, benzene, xylenes
Total - Surface Sail, Indoor Air 1.8
Exp to G d as Workplace Drinking Water
Ingestion of Groundwater 0.50 22% NA - Iron, manganese, thallium, mercury, arsenic
Dermal Contact with Groundwater 0.00074 0.0% NA - Manganese, mercury
Total - Groundwater: 0.50
Total for Commercial Worker: 2.3 100%
Construction Worker - Current/Future
Exposure to Subsurface Soll
Ingestion of Subsurface Soil 0.0064 38% NA - Mercury
Dermal Contact with Subsurface Soil 0.011 62% NA - PCBs
Total for Construction Worker: 0.017 100%
Trespassers - Current/Future
Exposure to Surface Soll
Ingsstion of Surface Sail 0.3t 99% 0.44 96% Mercury, PCBs
Dermal Contact with Surtace Soll 0.0047 1% 0.0189 4% PCBs
Total_for Trespassers - Surface Soll: 0.31 100% 0.46 100%
Contact with Surface Water and Sediments in OU1
Ingsestion of Sediments 0.58 98% 0.83 98% Mercury
Dermal Contact with Sediments 0.00087 0% 0.0035 0% PCBs
ingestion of Surface Water 0.0012 0% 0.0017 0% Mercury
Dermal Contact with Surface Water 0.0077 1% 0.0078 1% Mercury, manganese
Total for Trespassers - Sediments/ Surface Water: 0.58 100% 0.85 100%
Hypothetical Future Residentlal Use of Groundwater
Ingestion of Groundwater 38 58% 0.81 11% Iron, manganess, thallium, mercury, arsenic
Dermal Contact with Groundwater 0.048 1% 0.12 2% Manganess, mercury
inhalation from showsring or bathing 27 4% 8.3 87% Naphthalens, 4-methyiphenol, benzene, xylenes
Tot:l - Hypothetical Residentlal Use of Groundwater: gs 100% 7.3 100%

polycy

PCB - polychiorinated blphs'nyla



Table 6-5. Comparison of OU1 soil arsenic concentrations with New

Jersey suburban background

Minimum Maximum 90th percentile
Concentration - Concentration Concentration
Area (mg/kg) (mg/kg) (mg/kg)
Developed area (paved and unpaved) 0.85 ND 11 8.4
Developed area (unpaved only) 0.85 ND 11 9.4
Undeveloped area - 1.4 ND 26 12
New Jersey suburban background 0.02 22.7 10.7

Source: NJDEP (1993).
Note: ND - not detected
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Selection of exposure pathways

Ventron/Velsicol Site OU1

Onsite Medium (Except Exposure Receptor Onsite/ Type of Rationale for Selection or Exclusion
Scenario Timeframe as indicated) Medium Exposure Point Population Receptor Age Exposure Route Offsite Analysis of Exposure Pathway
Current Soll Surface soil Developedarea  Long-term worker Aduit Combined (ingestion ~ Onsite Quantitative  Contact with CoPCs In surface soil by workers identified as a
surface soll (unpaved and dermal potential pathway and evaluated in risk assessment
soll only) absorption)
Current/Future Soil, sediment, surface  Soil, sediment, Soll, sediment, Resident Child/Adutt Combined (ingestion, Onsite Qualitative  Residential use evaluated for hypothetical drinking water pathway
water surface water surface water dermal absorption) only due to current-and likely future commercial use.
Offsite soll, water and Offsite-soll, Offsite soil, Recreational users Child/adult Combined (ingestion,  Offsite Qualitative  Potential for migration of CoPCs to offsite media-and evaluation of
biota groundwater, groundwater, surface dermal absorption exposure to CoPCs, if any, in offsite media will be evaluated as part
surface water,  water, sediment and and inhalation) of the OU2 investigation.
sediment and biota
biota
Combined (soil and Air Indoor air {(developed Long-term worker Adult Inhalation Onsite Quantitative  Inhalation of contaminants inside of buildings that have migrated from
groundwater) and undeveloped soil and groundwater
areas) ’
Soil Air Qutdoor air Long-term worker Adult Inhalation Onsite Quantitative Contact with CoPCs in air by workers identified as a potential
(developed and pathway and evaluated in risk assessment. Quantified based on
undeveloped areas); mercury data and qualitatively evaluated for remaining CoPCs.
indoor air (developed
area)
Surface soil Undeveloped area Trespasser/  Adult/ Adolescents/ Combined (ingestion  Onsite Quantitative  Contact with CoPCs in surface solil by trespassers identified as a
surface soil Visitor Pre-Adolescents and dermal potential pathway and evaluated in risk assessment
absorption)
Subsurface soil Developed and Construction Adutt Combined (ingestion  Onsite Quantitative  Contact with CoPCs in subsurface soil by construction workers
undeveloped areas worker and dermal identified as a potential pathway and evaluated in risk assessment
subsurface soil absorption)
(1-20 ft depths)
Sediment Sediment Undeveloped area Trespasser/  Adult/ Adolescents/ Combined (ingestion  Onsite Quantitative  Contact with CoPCs in sediments by trespassers identified as a
surface sediment® Visitor Pre-Adolescents and dermal potential pathway and evaluated in risk assessment
absorption)
Surface Water Surface Water  Undeveloped area Trespasser/  Adul Adolescents/ Combined (ingestion  Onsite Quantitative  Contact with CoPCs in OU1 surface water by trespassers identified
surface water® Visitor Pre-Adolescents and dermal as a potential pathway and evaluated In risk assessment
absorption)
Future Soil Surface soil Developed area  Long-term worker Adutt Combined (ingestion  Onsite Quantitative  Contact with CoPCs in surface soil by workers identified as a
surface soil (all) and dermal potential pathway and evaluated in risk assessment
absorption)
Surface soil Undeveloped area  Long-term worker Adult Combined (ingestion  Onsite Quantitative  Contact with CoPCs in surface soil by workers identified as-a
surface soil and dermal potential pathway and evaluated in risk assessment
absorption)
Groundwater Groundwater  Groundwater sitewide Long-term worker Adult Combined (Ingestion  Onsite Quantitative Use of groundwater as workplace drinking water identified as a
and dermal potential pathway and evaluated in risk assessment
absorption)
Groundwater Groundwater Future hypothetical Child/Adult Combined (ingestion,  Onsite Quantitative  Residential use of groundwater as drinking water evaluated in
sitewide, indoor air resident dermal absorption hypothetical scenario because site groundwater s designated as a
(bathroom) and inhalation) potable aquifer.
Note: OUt - Operable Unit 1 CoPC - contaminants-of potential concem

" Surface water and sediments addressed are from West Ditch and the onsite basin.
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Occurrence, distribution and selection of chemicals of potential concern

Scenario Timeframe: Current

!! 2.1

Ventron/Velsicol Site OU1

Medium: Soll

Exposure Medium:  Surface soil

Exposure Point: Developed Area surface soil

Rationale
Concen- Potential Potential for
Minimum  Maximum Concen-  Location of Rangeof tration Scresning ARAR/  ARAR/ Substance

CAS Registry detected detected tration Maximum  Detection Detection Used for Background Toxicity TBC TBC  CoPC Delstion or
Number Analyte ﬁ value Q value Q units  Concentration Frequency Limits  Screening Value Values® Value Source  Flag  Selection

INORGANIC ANALYTES
7429-90-5 Aluminum 3370 12000 mg/kg §S-16 333 - 12000 N/A 7600 N Yes ASL
7440-36-0  Antimony - - mg/kg /3 076-097 ND 0.05 31N No IFD
7440-38-2 Arsenic 5.8 1" mg/kg S§S-14 2/3 0.85-0.85 1 107 039C Yes ASL
7440-39-3 Barium 269 J 190 mg/kg S$S-14 33 - 180 N/A 540 N No BSL
7440-41-7 Beryiiium 0.68 0.68 mg/kg §5-14 13 0.26-0.52 0.68 1.16 15N No BSL
7440-43-9 Cadmium 097 J 3.1 mg/kg $S-16 2/3  0.047-0.047 3.1 0.32 37N No BSL
7440-70-2 Calcium 900 J 31000 mg'kg 55-14 3/3 - 31000 N/A N/A No NTX
7440-47-3 Chromium 6.7 J 96.9 mg/kg §8-16 33 - 96.9 187 22 N® Yes ASL
7440-48-4 Cobalt 2.6 12.6 mg/kg §S-16 33 - 126 N/A 140 N No BSL
7440-50-8 Copper 188 J 470 mg/kg S§S8-14 33 - 470 284 290 N Yes ASL
7439-89-6 Iron 3900 J 23000 mg/kg §8-16 313 - 23000 N/A 2300 N Yes ASL
7439-92-1  Lead 178 J 390 mg/kg $S-14 3/3 - 390 100 400 N No BSL
7439-95-4 Magnssium 7 J 11000 mg/kg S§S8-16 33 - 11000 N/A N/A No NTX
7439-96-5 Manganese 126 J 540 mg/kg S§S-14 33 - 540 846 180 N Yes ASL
7439-97-6 Mercury 9.3 310 mg/kg §S-14 33 - 310 0.14 23N Yes ASL
7440-02-0 Nickel 4.7 J 722 mg/kg 8S8-14 3/3 - 72.2 14.9 160 N No BSL
7440-09-7 Potassium 238 1500 mg/kg SS-14 3/3 - 1500 N/A N/A No NTX
7782-49-2 Selenium 0.69 0.69 mg/kg §8-16 13 0.54-1.6 0.69 0.17 39N No BSL
7440-22-4 Silver - - mg/kg 0/3 0.41-19 ND 0.26 39N No IFD
7440-23-5 Sodium 630 630 mg/kg $58-16 13 270-290 630 N/A N/A No NTX
7440-28-0 Thallium - - mg/kg 03 0.86-3.9 ND 0.19 052 N No IFD
7440-62-2 Vanadium 6 140 mg/kg §8-14 33 - 140 34.4 55 N Yes ASL
7440-66-6 Zinc 89 J 1100 mg/kg §5-14 3/3 - 1100 826 2300 N No BSL

ORGANIC ANALYTES
120-82-1 1,2,4-Trichlorobenzene - - po/kg 0/3 370480 ND 65000 N No IFD
95-50-1 1,2-Dichlorobenzene - - Hokg 0/3 370-480 ND 110000 N No IFD
541-73-1 1,3-Dichlorobenzene - - Hg/kg 0/3 370-480 ND 1600 N No IFD
106-46-7 1,4-Dichlorobenzene - - rokg 03 370-480 ND 3400 C No IFD
108-60-1 2,2'-Oxybis{1-chioropropane] - - ug/kg 0/3 370-480 ND 2900 C No IFD
95-95-4 2,4,5-Trichiorophenol - - pg/kg 03 930-1200 ND 610000 N No IFD
88-06-2 2,4,6-Trichlorophenol - - ug/kg 0/3 370-480 ND 610 N No IFD
120-83-2 2,4-Dichlorophenol - - pg/kg 0/3 370-480 ND 18000 N No IFD
105-67-9 2,4-Dimethyiphenol - - pokg 03 370-480 ND 120000 N No IFD
51-28-5 2,4-Dinitropheriol - - pghkg 0/3  930-1200 ND 12000 N No IFD
121-14-2 2,4-Dinitrotoluene - - pg/kg 0/3 370-480 ND 12000 N No IFD
606-20-2 2,6-Dinitrotoluene - - po/kg 03 370-480 ND 6100 N No IFD
91-58-7 2-Chloronaphthalene - - 1gkg 0/3 370-480 ND 490000 N No IFD
95-57-8 2-Chlorophenol - - pg/kg 03 370-480 ND 6300 N No IFD
534-52-1 2-Methyl-4,6-dInitrophenol - - ug/kg /3 930-1200 ND N/A No IFD
95-48-7 2-Methyiphenol - - ug/kg 03 370-480 ND 310000 N No IFD
88-74-4 2-Nitroaniline - - pa/kg 073 930-1200 ND 170N No IFD
88-75-5 2-Nitrophenol - - po/kg o3 370480 ND N/AN No IFD
91-94-1 3,3-Dichlorobenzidine - - po/kg 073 370-480 ND 1100 C No IFD
99-09-2 3-Nitroaniline -~ - po/kg 073 930-1200 ND N/A No IFD
101-56-3 4-Bromophenyl-phenyl ether - - ua/kg 0/3 370-480 ND N/A No IFD
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Table 2.1

Occurrence, distribution and selection of chemicals of potentlal concern
Ventron/Velsicol Slte QU1

Rationale
Concen- Potential Potential for
Minimum Maximum Concen-  Location of Range of  tration Screening ARAR/  ARAR/ Substance
CAS Registry detected detected tration Maximum  Detection Detection Used for Background Toxicity T8C. TBC  CoPC Deletion or
Number Analyte value Q value Q units  Concentration Frequency Limits  Screening Valus Values® Value Source  Flag  Selection
59-50-7 4-Chloro-3-mathylphenol - - ug/kg 053 370-480 ND N/A No IFD
106-47-8 4-Chioroaniline - - pg/kg 0/3 370480 ND 24000 N No IFD
7005:72-3 4-Chlorophenyi-phenyl ether - - uglkg 0/3 370-480 ND NA No IFD
106-44-5 4-Methylphenol - - g/kg a3 370-480 ND 31000 N No IFD
100-01-6 4-Nitroaniline - - ug/kg 0/3 930-1200 ND N/A No IFD
100-02-7 4-Nitrophenol - - uglkg 03 930-1200 ND N/A No IFD
111-91-1 bis[2-chloroethoxy]methane - - uglkg 03 370480 ND N/A No IFD
111-44-4 bis[2-chloroethyi]ether - - Hgkg 03 370480 ND 210C No IFD
117-81-7 bis[2-Ethylhexyl]phthalate 1600 8600 ualkg SS-16 2/3 400-400 8600 35000 C No BSL
85-68-7 Butylbenzyl phthalate 150 150 palkg S§S-16 13 370-400 150 1200000 N No BSL
86-74-8 Carbazole - - uglkg o3 370-480 ND 24000 C No IFD
132-64-9 Dibenzofuran - - ug/kg 0/3 370-480 ND 29000 N No IFD
84-66-2 Diethyl phthalate - - pgkg 0/3 370-480 ND 4800000 N No IFD
131-11-3 Dimethyl phthalate - - Hg/kg 0/3 370-480 ND 61000000 N No IFD
84-74-2 Di-n-butyl phthalate 1000 1000 ug/kg 8S-16 13 370-400 1000 610000 N No BSL
117-84-0 Di-n-octy! phthalate - - uglkg 0/3 370-480 ND 240000 N No IFD
118-74-1 Hexachlorobenzene - - polkg 0/3 370480 ND 300 C No IFD
87-68-3 Hexachlorobutadiene - - ugkg /3 370-480 ND 1800 N No IFD
77-47-4 Hexachlorocyclopentadiene - - pgkg 0/3 370-480 ND 37000 N No IFD
67-72-1 Hexachloroethane - - po/kg 0/3 370-480 ND 6100 N No {FD
78-59-1 Isophorone - - uglkg 0/3 370-480 ND 510000 C No IFD
98-95-3 Nitrobenzene - - pofkg 0/3 370480 ND 2000 N No IFD
621-64-7 N-nitroso-di-n-propylamine - - ugkg 0/3 370-480 ND 69 C No IFD
86-30-6 N-nitrosodiphenylamine - - ug/kg 0/3 370480 ND 99000 C No IFD
87-86-5 Pentachlorophenol - - pg/kg 0/3 9301200 ND 3000 C No IFD
108-95-2 Phenol - - pgkg 0/3 370-480 ND 3700000 N No IFD
71-55-6 1,1,1-Trichlorocethane - - po/kg a3 11-~14 ND 200000 N No IFD
79-34-5 1,1,2,2-Tetrachloroethane - - uo/kg 03 11-14 ND 410C No IFD
79-00-5 1,1,2-Trichloroethane - - pg/kg: 0/3 11-14 ND 730 C No IFD
75-34-3 1,1-Dichlorosthane - - pa/kg 0/3 11-14 ND 51000 N No IFD
75-35-4 1,1-Dichioroethene - - uglkg 0/3 11-14 ND 12400 N No {FD
107-06-2 1,2-Dichlorosthane - - pg’kg 0/3 11-14 ND 280 C No IFD
540-59-0 1,2-Dichloroethene isomers (total, - - uglkg 0/3 11-14 ND 4300 N° No IFD
78-87-5 1,2-Dichloropropane - - pglkg 0/3 11-14 ND 340C No IFD
78-83-3 2-Butanone - - uglkg 0/3 11-14 ND 730000 N No IFD
591-78-6 2-Hexanone - - pa/kg 0/3 11-14 ND N/A No IFD
108-10-1 4-Methyl-2-pentanone - - pg/kg 0/3 11-14 ND 78000 N No IFD
67-64-1 Acetone 8 J 8 pokg 85-15 13 12-14 8 160000 N No BSL
71-43-2 Benzene - - ug/kg 0/3 11-14 ND 650 C No IFD
75-27-4 Bromodichloromethans - - uglkg 0/3 11-14 ND 820C No IFD
75-26-2 Bromoform - - uglkg 0/3 11-14 ND 62000 C No IFD
74-83-9 Bromomathane - - pg/kg 0/3 11-14 ND 390 N No IFD
75-15-0 Carbon disulfide - - uglkg 0/3 11-14 ND 36000 N No IFD
56-23-5 Carbon tetrachloride - - uglkg 0/3 11-14 ND 210N No IFD
108-90-7 Chlorobenzene - - Lg/kg 0/3 11-14 ND 15000 N No IFD
75-00-3 Chloroethane - - pglkg 0/3 11-14 ND 3000 C No IFD
67-66-3 Chioroform - - pglkg 0/3 11-14 ND 360 N No IFD
74-87-3 Chioromethane - - pokg 03 11-14 ND 1200 C No IFD
10061-01-5  cis-1,3-Dichloropropens - - pg/kg 0/3 11-14 ND 780 C No IFD
124-481 Dibromochloromethane - - Lglkg 03 11-14 ND 1100 C No IFD
100-41-4 Ethylbenzene - - ugkg 073 11-14 ND 8900 C No iFD
75-09-2 Methylene chloride = - pg/kg 0/3 11-14 ND 9100 C No IFD
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Occurrence, distribution and selection of chemlcals of potential concern

|l2.1

Ventron/Velsicol Site OU1

Ratlonale
Concen- Potential  Potential for

Minimum Maximum Concen-  Location of Range of tration Screening ARAR/  ARAR/ Substance
CAS Registry detected detected tration Maximum  Detection Detection Usedfor Background Toxicity TBC TBC CoPC Deletionor
Number Analyte value Q value Q units  Concentration Frequency Limits  Screening Value Values® Value Source  Flag  Selection
100-42-5 Styrene - - po/kg 03 11-14 ND 440000 N No IFD
127-18-4 Tetrachloroethene - - uglkg 0/3 11-14 ND 1500 C No IFD
108:88-3 Toluene - - vglkg 03 11-14 ND 66000 N No IFD
10061-02-6  trans-1,3-Dichioropropene - - pglkg 0/3 11-14 ND 780 C No IFD
79:01-6 Trichloroethene - - ug/kg 0/3 11-14 ND 53C No IFD
75-01-4 Vinyl chloride - - po/kg 0/3 1-14 ND 79C No IFD
1330-20-7 Xylene isomers (total) - - Hg/kg o3 11-14 ND 28000 N No IFD

PAHs
91-57-6 2-Meathyinaphthalene 79 79 po/kg $S-16 1/3 370-400 79 5600 N¢ No BSL
83-32-9 Acenaphthene 230 230 uglkg 8§8-14 13 370480 230 370000 N No BSL
208-96-8 Acenaphthylene 53 53 pg/kg S8-16 1/3 370-400 53 6600 N° No BSL
120-12-7 Anthracene 85 85 1glkg §8-16 1/3 370-400 85 2200000 N No BSL
56-55-3 Benz{a]anthracene 310 310 uglkg 88-16 1/3 370-400 310 620C No BSL
50-32-8 Benzo[a]pyrene 410 410 Hglkg 8§-16 13 370400 410 62C Yes ASL
205-99-2 Benzo{blfluoranthene 73 750 pg/kg 88-16 2/3 370-370 750 620 C Yes ASL
191-24-2 Benzo[ghi]perylene 300 300 pg/kg 8§8-16 1/3 370-400 300 6600 N¢ No BSL
207-08-9 BenzolK]fluoranthene 210 220 ug/kg §8-16 2/3 400-400 220 6200 C No BSL
218-01-9 Chrysene 56 400 Hgikg 8§8-16 2/3 370-370 400 62000 C No BSL
5§3-70-3 Dibenz{a,h}anthracens 7 71 uglkg $8-16 13 370400 71 62C Yes ASL
206-44-0 Fluoranthene 94 570 pafkg 88-16 a3 - 570 230000 N No BSL
86-73-7 Fluorene 370 370 pgfkg §8-14 13 370-480 370 270000 N No BSL
193-39-5 indeno(1,2,3-cd]pyrene 270 270 Hglkg 58-16 13 370-400 270 620 C No BSL
91-20-3 Naphthalene 92 92 po/ig §8-16 1/3 370400 92 5600 N No BSL
85-01-8 Phenanthrene 270 270 po/kg 88-16 13 370-400 270 230000 N° No BSL
129-00-0 Pyrene 43 530 uglkg SS-16 3/3 - 530 230000 N No BSL
Note: All results reported as dry weight. Rationale Codes:
For the purposes of screening, field replicates have been averaged. Selection Reason:

- - either no detected or undetected values

ARAR -

CoPC -

applicable or relevant and appropriate requirement
C - carcinogenic based on a cancer risk of 13107
chemical of potential concern
J - estimated value

N - noncarcinogenic based on hazard quotient of 0.1

N/A - not applicable
ND - not detected
PAH - polycyclic aromatic hydrocarbon
PRG - preliminary remediation goal
Q - qualifier
TBC - to be considered

ASL - above screening levels

HIST - infrequent detection but associated historically
Deletion Reason:
BKG - below or consistent with background levels

BSL -

NTX -
NUT -

below screening level
infrequent detection
no toxicity information

essential nutrient

® Screening toxicity values for soil are the PRGs taken from U.S. EPA Region IX (2003a). PRGs correspond to 1x10™ or a hazard quotient of 0.1, whichever is lower.
® This default non-carcinogenic scresning value for chromium is that for chromium(Vl).

° This default non-carcinogenic screening value is that for cis-1,2-dichloroethens.

9 This default screening value Is that for naphthalene, the noncarcinogenic PAH with the most stringent risk-based concentratio/PRG.

° Based on the risk-based concentration for pyrene, There is no EPA-derived toxicity value for phenanthrene. NJDEP and EPA indicated that the toxicity value for pyrene should be applied (NJDEP 2001).
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Occurrence, distribution and selection of chemicals of potentlal concern

ng

Ventron/Velsicol Site OU1

nario Timeframe:  Future

Medlum: Soil

Exposure Medium: Surface soil

Exposure Point: Developed Area surface soil

Rationale
Location of Concen- Potential Potential for
Minimum Maximum Concen- Maximum Range of  tration Screening ARAR/  ARAR/ Substance

CAS Registry detected detacted tration Concen- Detection Detection Usedfor Background  Toxicity CoPC Deletion or
Number Analyte . value Q value Q units tration  Frequency Limits  Screening Valus Values® Flag  Selection

INORGANIC ANALYTES
7429-90-5  Aluminum 3370 12000 mg/kg SS-16 9/9 - 12000 N/A 7600 N Yes ASL
7440-36-0  Antimony - . - mg/kg o/12 0.69-6.7 ND 0.05 31 N No IFD
7440-38-2  Arsenic 27 J " mg/kg S§S-14 710 0.85-3.4 11 107 039 C Yes ASL
7440-39-3  Barium 269 J 304 mghkg MW-15 10/10 - 304 N/A 540 N No BSL
7440-41-7  Beryilium 0.68 0.68 mg/kg S§S-14 19 0.26-0.52 0.68 1.16 15 N No BSL
7440-43-9  Cadmium 022 J 34 mghkg MW-15 7143 0.047-054 34 0.32 37 N No BSL
7440-70-2  Calcium 900 J 31000 mg/kg S§S-14 9/9 - 31000 N/A N/A No NTX
7440-47-3  Chromium 66 J 13 mghkg MW-15 10/10 - 131 18.7 22 N° Yes ASL
7440-48-4 Cobalt 26 12.6 mg/kg S$S8-16 9/9 - 1286 N/A 140 N No BSL
7440-50-8  Copper 124 J 7420 mghkg MW-15 13/13 - 7420 28.4 290 N Yes ASL
7439-83-6  lron 3300 J 23900 mgkg MW-15 10/10 - 23900 N/A 2300 N Yes ASL
7439-92-1 Lead 178 J 390 mg/kg SS-14 13/13 - 390 100 400 N No BSL
7439-95-4 Magnesium 7 J 11000 mg/kg S$S-16 9/9 - 11000 N/A N/A No NTX
7439-96-5 Manganese 110 J 540 mg/kg SS-14 10/10 - 540 846 180 N Yes ASL
7439-97-6  Mercury 9.3 13800 mg/kg S$S-04 15/15 - 13800 0.14 23 N Yes ASL
7440-02-0  Nickel 47 J 87.8 mghkg  MW-15 8/10 75-116 878 14.9 160 N No BSL
7440-09-7 Potassium 238 1500 mg/kg $S-14 9/9 - 1500 N/A N/A No NTX
7782-49-2  Selenium 0.69 1.1 mghg  MW-15 2/10 0.49-1.6 1.1 017 33 N No. BSL
7440-22-4  Silver 056 J 9.6 mghkg  MW-15 6/10 0.4-19 9.6 0.26 38 N No BSL
7440-23-5  Sodium 830 630 mg/kg 8§S-16 19 250-290 630 N/A N/A No NTX
7440-28-0  Thallium 12 54 mghkg MW-15 213 0.83-3.9 5.4 0.19 052 N Yes ASL
7440-62-2  Vanadium 6 140 mg/kg 5814 9/9 - 140 34.4 55 N Yes ASL
7440-66-86  Zinc 89 J 2110 mgkg MW-15 13/13 - 2110 82.6 2300 N No BSL

ORGANIC ANALYTES
120-82-1 1,2,4-Trichlorobenzene - - pofkg 0/9 340-720 ND 65000 N No IFD
95-50-1 1,2-Dichlorobenzens - - pofkg 0/9 340-720 ND 110000 N No IFD
6541-73-1 1,3-Dichiorobenzene - - ugkg 0/9 340-720 ND 1600 N No IFD
106-46-7 1,4-Dichlorobenzene - - po/kg 09 340-720 ND 3400 C No IFD
108-60-1 2,2"-Oxybis{1-chloropropane] - - pglkg 0/9 340-720 ND 2300 C No IFD
95-95-4 2,4,5-Trichlorophenol - - pgkg 0/9 860-1800 ND 610000 N No 'IFD
88-06-2 2,4,6-Trichlorophenol - - uglkg 0/9 340-720 ND 610 N No IFD
120-83-2 2,4-Dichlorophenol - - uglkg 0/9 340-720 ND 18000 N No IFD
105-67-9 2,4-Dimathytphenol - - pokg 0/9 340-720 ND 120000 N No IFD
51-28-5 2,4-Dinitrophenol - - pgkg 0’ 860-1800 ND 12000 N No IFD
121-14-2 2,4-Dinitrotoluens - - pglkg 0/9 340-720 ND 12000 N No IFD
606-20-2 2,6-Dinitrotoluene - - pg/kg 0/9 340-720 ND 6100 N No IFD
91-58-7 2-Chloronaphthalene - - ug/kg 0/9 340-720 ND 490000 N No IFD
95-57-8 2-Chlorophenol - - uglkg o] 340-720 ND 6300 N No IFD
534-52-1 2-Methyl-4,6-dinitrophenol - - Hugkg 0/9 860-1800 ND N/A No IFD
95-48-7 2-Methyiphenol - - ug/kg 0/9 340-720 ND 310000 N No IFD
88-74-4 2-Nitroaniline - - kg 0/9  860-1800 ND 170 N No IFD
88-75-5 2-Nitrophenol - - pglkg 0/ 340-720 ND NA N No IFD
91-94-1 3,3-Dichlorobenzidine - - ugkg 09 340-720 ND 1100 C No IFD
99-09-2 3-Nitroaniline - - ug/kg 0/9 860-1800  ND N/A No IFD
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QOccurrence, distribution and selection of chemicals of potential concern

Ventron/Velsicol Site OU1

Rationale
Location-of Concen- Potential Potential for
Minimum Maximum Concen- Maximum Range of tration Screening ARAR/ ARAR/ Substance
CAS Registry detected detected tration Concen- Detection Detection Usedfor Background  Toxicity TBC T8C CoPC Deletion or
Number Analyte value Q value Q units tration Frequency Limits Screening Value Values® Value  Source Flag Selection
101-65-3 4-Bromophenyl:phenyl ether - - pglkg 0/9 340~720 ND N/A No IFD
59-50-7 4-Chioro-3-methylphenol - - pa/kg 0/9 340-720 ND N/A No IFD
106-47-8 4-Chloroaniline - - pa/kg 0/9 340-720 ND 24000 N No IFD
7005-72-3 4-Chlorophenyl-phenyl ether - - palkg 0/9 340-720 ND NA No IFD
106-44-5 4-Methylphenol - - pg/kg o/9 340-720 ND 31000 N No {FD
100-01-6 4-Nitroaniline - - Lglkg 0/9 860-1800 ND N/A No IFD
100-02-7 4-Nitrophenol ~ - p/kg 0/9 860-1800 ND N/A No IFD
111-9141 bis[2-chloroethoxy]methane - - pofkg 0/9 340-720 ND N/A No IFD
111-44-4 bis[2-chloroethyljether - - ugkg 0/9 340-720 ND 210 C No IFD
117-81-7 bis[2-Ethyihexyl]phthalate 310 10800 pokg WS-19 1112 400-400 10800 35000 C No BSL
85-68-7 Butylbenzyl phthalate 150 150 po/kg §S-18 19 340-720 150 1200000 N No BsL
86-74-8 Carbazole 72 72 1g/kg §S-03 1/9 360-720 72 24000 C No BSL
132-64-9 Dibenzofuran 80 80 pghkg = SS-03 19 360-720 80 29000 N No BSL
84-66-2 Diethyl phthalate - - ugkg 09 340-720 ND 4900000 N No IFO
131-11-3 Dimethyl phthalate - - ughkg 0/9 340-720 ND 6.1E+07 N No IFD
84-74-2 Di-n-butyl phthalate 1000 1000 uglkg S§S-16 1/9 340-720 1000 610000 N No BsL
117-84-0 Di-n-octyl phthalate - - ug/kg 0/9 340-720 ND 240000 N No IFD
118-74-1 Hexachlorobenzene - - ug/kg /8 340-720 ND 300 C No IFO
87-68-3 Hexachlorobutadiene - - vg/kg 0/9 340-720 ND 1800 N No IFD
77-47-4 Hexachlorocyclopentadiene - - vokg 0/9 340-720 ND 37000 N No IFD
67-72-1 Hexachloroethans - - uglkg 0/9 340-720 ND 6100 N No IFD
78-59-1 Isophorone - - 1a/kg 0/9 340-720 ND 510000 C No IFD
98-95-3 Nitrobenzene - - na/kg 0/9 340-720 ND 2000 N No IFD
621-64-7 N-nitroso-di-n-propylamine - - ug/kg 0/9 340-720 ND 69 C No IFD
86-30-6 N-nitrosodiphenylamine 51 51 pg/kg $§S-03 19 360-720 51 99000 C No BSL
87-86-5 Pentachlorophenol - - uo/kg 0/9 860-1800 ND 3000 C No IFD
108-95-2 Phenol 150 150 po/Kg §8-05 1/9 340-480 150 3700000 N No BSL
71-55-6 1,1,1-Trichloroethane - - Lgkg 0/9 10-14 ND 200000 N No IFD
79-34-5 1,1,2,2-Tetrachloroethane - - ugkg 0/9 10-14 ND 410 C No IFD
79-00-5 1,1,2-Trichloroethane - - pg/kg 0